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Abstract 


This  project  updates  the  knowledge  of 
climatological  conditions  presented  in  the  1977 
publication  of  this  three-volum^  atlas.  Such 
environmental  information  forthethree  Alaskan 
marine  and  near-coastal  areas  is  important  for 
resource  development  of  the  outer  continental 
shelf— The  Gulf  of  Alaska  (Volume  I),  the  Bering 
Sea  (Volume  II),  and  The  Chukchi  and  Beaufort 
Seas  (Volume  III)  as  shown  on  the  map  below. 

The  maps,  graphs,  and  tables  in  the  atlas 
present  a  detailed  climatic  profile  of  the  marine 
and  coastal  regions  of  Alaska.  Statistics  give  the 
means,  extremes,  and  percent  frequency  of  oc¬ 
currence  of  threshold  values  for  these  elements: 
wind,  visibility,  present  weather,  sea  level 
pressure,  air  and  sea  surface  temperature, 
clouds,  waves,  and  such  supplemental  informa¬ 
tion  as  storm  surges,  tides,  sea  ice,  cyclone 
tracks,  surface  currents,  bathymetry,  detailed 
weather,  and  aviation  weather.  Data  came  from 


rr 


4.5  million  surface  marine  observations  and 

8.5  million  observations  for  66  coastal  and 
island  stations  within  the  area  40°-84"N  and 
110*W-160*E,  and  provide  the  best  possible 
climatological  picture  of  the  outer  continental 
shelf  waters  and  coastal  regions  of  Alaska. 

Introduction 


The  nature  of  man’s  offshore  activities 
depends  to  a  large  extent  on  weather  condi¬ 
tions.  Knowledge  of  these  conditions  can  help 
insure  efficient  and  safe  operations.  Extreme 
weather  conditions  that  may  be  encountered  in 
a  given  location  largely  determine  the  design, 
construction,  and  operation  of  permanent  plat¬ 
forms  and  structures  in  the  ocean  as  well  as  on¬ 
shore  support  activities.  This  atlas  is  useful  to 
those  engaged  in  shipping,  national  defense, 
fishing,  and  applied  research  where  a 
knowledge  of  coastal  and  offshore  climate  is 
essential.  Weather  information  also  aids  in 
assessing  the  onshore  impact  of  offshore 
activities. 

This  atlas  is  the  result  of  a  joint  effort  by  the 
Arctic  Environmental  Information  and  Data 
Center  (AEIDC),  University  of  Alaska  and  the 
National  Climatic  Data  Center/National  Oceanic 
Atmospheric  Administration  (NCDC/NOAA)  to 
present  descriptive  climatology  and  data 
analyses  of  surface  marine  and  atmospheric 
parameters  for  those  waters  and  coastal  regions 
of  the  Alaskan  outer  continental  shelf  important 
to  resource  development.  It  is  designed  to  serve 
as  a  climatological  reference  in  the  assessment 
of  potential  impact  by  oil  and  gas  exploration 
and  development  and  of  leasing  and  operating 
regulations  and  monitoring  programs  that  will 
permit  resource  development  and  insure 
environmental  protection. 

The  evaluation  is  in  the  form  of  a  climatic 
atlas  for  each  of  three  marine  and  coastal  areas: 
The  Gulf  of  Alaska  (Volume  I),  The  Bering  Sea 
(Volume  II),  and  The  Chukchi  and  Beaufort  Seas 
(Volume  III). 

The  first  section  in  each  volume  contains 
information  on  such  hazards  as  storm  surges, 
superstructure  icing,  hypothermia,  and  wind 
chill;  extremes  data  on  winds,  temperature,  and 
precipitation;  and  planning  information  on  sur¬ 
face  currents,  bathymetry,  sea  ice.  and  tides. 
The  second  section  presents  a  detailed  climatic 
profile  in  the  form  of  isopleth  analyses,  graphs, 
and  tables. 


Section  I: 
Selected  Topics  in  Marine 
and  Coastal  Climatology 

by  James  L.  Wise  and  Lynn  D.  Leslie 


Figure  1.  MMS  Lease  Sale  Areas 
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Figure  2.  Placa  Names  Map 


Currents  of  the  Bering  Sea 
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North  Aleutian  Shelf 

The  primary  flow  of  water  into  the  Bering 
Sea  originates  at  Unimak  Pass.  The  source 
water  of  this  flow  is  the  Alaskan  Coastal  Current, 
from  south  of  the  Aleutians.  Within  the  pass  and 
north  of  Unimak  Island,  much  of  the  coastal  cur¬ 
rent  is  entrained  into  the  wind-driven  flow  along 
the  north  Aleutian  coast.  Typically,  this  current 
flows  to  the  northeast  into  Bristol  Bay  in  the 
direction  of  the  prevailing  wind,  following 
bathymetry  contours  along  the  coast.  At  times, 
the  north  Aleutian  coastal  current  will  undergo  a 
reversal  in  direction  due  to  changes  in  the  large- 
scale  and  mesoscale  wind  direction.  Because 
winds  are  highly  variable,  their  contribution  to 
net  circulation  is  difficult  to  quantify,  but  the 
alongshore  component  of  winds  is  highly  cor¬ 
related  with  both  onshore  and  alongshore  com¬ 
ponents  of  surface  and  subsurface  currents. 

Sea  level  changes  on  either  side  of  Unimak 
Pass  due  to  storm  track  and  pressure  cell  move¬ 
ment  are  probably  responsible  for  the  fluctua¬ 
tion  of  magnitude  and  direction  in  the  flow 
through  the  pass,  which  at  times  is  southward. 
These  reversals  are  more  likely  to  occur  when 
the  flow  from  the  seasonally  variable  Alaskan 
Coastal  Current,  from  the  Gulf  of  Alaska,  is  at  its 
minimum.  The  shoaling  bottom  through  Unimak 
Pass  gives  rise  to  vertical  turbulence  and  mixes 
the  water  column. 

On  the  north  Aleutian  shelf,  the  net  north¬ 
easterly  flow  of  approximately  1-5  cm/s  is  pres¬ 
ent  within  the  coastal  zone  (Baker  1983,  Cline 
et  al.  1982;  Thorsteinson  1984).  This  current  is 
believed  to  be  continuous  with  a  weak  current 
past  Nunivak  Island  (Kinder  and  Schumacher 
1981).  Near  Port  Moller,  currents  have  smaller 
magnitudes  and  do  not  intensify  near  the  coast. 
Close  inshore,  within  50  km,  currents  ranges 
from  1  to  6  cm/s  (Kinder  and  Schumacher  1982). 

A  weak  mean  flow  shows  a  cyclonic  tend¬ 
ency  around  the  perimeter  of  Bristol  Bay,  with 
maximum  speeds  (roughly  3.5  cm/s)  found  near 
and  inside  the  50-m  isobath  and  in  the  coastal 
domain.  Mean  speeds  observed  in  the  central 
shelf  domain  were  less  than  1.0  cm/s,  with  no 
sense  of  an  organized  circulation  (Kinder  and 
Schumacher  1981).  There  Is  apparently  a  net 
westward  convection  of  water  from  the  central 
basin  of  Bristol  Bay  into  the  Bering  Sea. 
However,  flow  in  this  central  region  is  highly 
variable,  atmospherical ly  forced,  and  difficult  to 


quantify.  Coastal  waters  along  the  northern 
boundary  of  Bristol  Bay,  also  called  the  coastal 
current,  continue  to  follow  the  bathymetry.  The 
coastal  current  flows  northwesterly  into  the  Ber¬ 
ing  Sea  and  then  northerly  along  the 
Yukon/Kuskokwim  Delta.  Thus,  the  fundamental 
circulation  in  outer  Bristol  Bay  consists  of  a 
typically  unclosed,  counterclockwise  gyre  open 
to  the  Bering  Sea  and  driven  by  a  combination  of 
wind,  tide,  estuarian,  and  thermohaline  effects. 

Ninety  to  ninety-five  percent  of  the  velocity 
variance  within  the  bay  is  tidal,  with  tidal  cur¬ 
rents  an  order  of  magnitude  larger  than  the  mean 
flow.  For  example,  on  the  north  Aleutian  shelf, 
where  net  currents  are  only  1-5  cm/s  and  the 
typical  wind-driven  currents  are  approximately 
10  cm/s  at  5  m,  the  tidal  currents  are  40-80  cm/s 
or  more  (Thorsteinson  1984).  Turbulence  result¬ 
ing  from  tidal  currents  causes  mixing  of  the 
water  column  from  the  bottom  to  about  50-m 
above  the  bottom.  Tidal  currents  in  Bristol  Bay 
are  nearly  reversing  along  the  Alaska  Peninsula 
and  become  more  cyclonic  and  rotary  offshore. 
National  Ocean  Survey  current  tables  show  a 
change  in  maximum  ebb  currents  from  20-25 
cm/s  up  to  30-40  cm/s  in  June  near  Amak  Island. 
Near  Port  Moller,  the  tidal  current  speeds  are  as 
high  as  100  cm/s  (U.S.  Department  of  Commerce 
1980).  At  a  depth  of  2m  the  calculated  tidal 
residual  current  is  approximately  3-4cm/s, 
spatially  highly  variable,  and  directed  to  the  nor¬ 
thwest  (Leendertse  and  Liu  1981). 

Kinder  and  Schumacher  (1981)  identified 
three  separate  hydrographic  flow  regimes  in  the 
southeastern  Bering  Sea.  The  Coastal  regime  is 
present  inside  the  50-m  isobath  in  the  vicinity  of 
Nunivak  Island.  It  is  characterized  by  generally 
warm,  low  saline,  vertically  well-mixed  water 
which  has  typical  currents  on  the  order  of 
2-5  cm/s  toward  the  northwest.  The  Middle 
regime  is  present  in  the  central  Bristol  Bay 
region,  where  water  depths  are  on  the  order  of 
50  to  100  m.  It  is  divided  from  the  coastal  regime 
by  a  front  with  an  enhanced  salinity  gradient  and 
is  characterized  by  a  strongly  stratified,  two¬ 
layered  structure  extending  approximately  to 
the  100-m  isobath.  Mean  flow  is  general'y  less 
than  1  cm/s,  with  no  characteristic  vector-mean 
direction.  The  Outer  hydrographic  region  is 
divided  from  the  middle  region  by  a  front  along 
the  100-m  isobath  and  is  present  out  to  the  shelf 
break  in  the  open  waters  beyond  Bristol  Bay.  A 
fine  vertical  structure  separates  surface  layers 
from  the  deeper,  more  well-mixed  layers.  The 
vector-mean  current  in  this  regime  is  directed  to 


the  northwest,  with  magnitudes  on  the  order  of 
1-10  cm/s  and  a  statistically  significant  cross¬ 
shelf  component  of  about  1-5  cm/s. 

Yukon  Delta 

The  dominant  current  near  the  Yukon  Delta 
is  the  northward  flowing  Alaskan  Coastal  Water 
The  current  is  thought  to  bifurcate  at  the  north¬ 
west  cornerof  the  delta,  with  one  fork  flowing  in¬ 
land,  toward  Norton  Sound,  and  the  remaining 
flow  continuing  northward  (U.S.  Navy  1958). 
Local  and  seasonal  effects  can  produce  variabil¬ 
ity  in  the  prevailing  flow  directions.  In  winter, 
when  winds  are  from  the  north,  flow  offshore  of 
the  delta  can  actually  reverse  for  days  or  weeks 
at  a  time  (Aagaard  and  Coachman  1981).  This 
situation  accounted  for  the  flow  of  the  Alaskan 
Coastal  Water  about  30%  of  the  time  between 
September  1976  and  March  1977  (Zimmerman 
1982).  The  surface  currents  offshore  of  the  delta 
tend  to  flow  in  the  same  general  direction  as  the 
synoptic  and  mesoscale  winds,  from  the  north  or 
northeast  in  winter  and  from  the  southwest  dur- 
ing  open  water  season.  The  typical  summer  wind 
frequently  produces  downwelling  and  shore¬ 
ward  transport  of  water,  which  results  in  a  raised 
water  level  and  increased  wave  energy  near  the 
coast. 

Norton  Sound 

The  currents  in  Norton  Sound  are  domi¬ 
nated  by  regional  wind  and  surface  pressure  pat¬ 
terns.  The  highest  observed  flow  was  measured 
at  about  50  cm/s;  flow  decreased  with  increas¬ 
ing  depth  (Muench  1981).  These  atmosphere- 
driven  flow  events  may  differ  from  the  mean  flow 
and  produce  uncertain,  intermittent  variability  in 
the  circulation  pattern.  Oceanographic  data 
from  the  mouth  of  Norton  Sound  indicate  a  net 
northward  water  transport,  with  strong  seasonal 
differences  in  movement  rates.  Currents 
between  the  mouth  of  the  sound  and 
St.  Lawrence  Island  to  the  west  are  characteriz¬ 
ed  by  somewhat  pulsive  north-south  flow  events 
having  speeds  of  50-100  cm/s  (Muench,  Pearson, 
and  Tripp  1978).  These  speeds  contrast  with  re¬ 
ported  mean  flow  rates  of  15  cm/s  observed  in 
relative  synchrony  with  major  meteorological 
events.  The  mean  circulation  pattern  within  the 
sound  is  cyclonic  in  character  (Drake  et  al.  1980). 
A  typical  feature  is  westerly  flow  of  water  mass, 
varying  in  extent  and  intensity  over  time,  along 
the  northern  coast  (Cline,  Muench,  and  Tripp 
1981).  The  tidal  component  in  the  sound  is  on  the 
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order  of  50  cm/s  and  reverses  either  diurnally  or 
semidiurnally.  The  reversals  are  roughly  north¬ 
east/southwest  within  Norton  Sound. 

The  upper-  and  lower-layer  circulation  is 
decoupled  in  the  eastern  sound,  but  less  so  in 
the  western  sound,  where  there  is  a  monotonic 
decrease  in  speed  along  with  a  slight  rotation  of 
flow  as  depth  increases.  Northwesterly  surface 
flow  rotates  to  westerly  near  the  bottom.  In  sum¬ 
mer,  easterly  flow  enters  the  sound  along  its 
southern  shore,  curves  cyclonically  to  the  north, 
and  is  then  deflected  to  the  west  at  the  north 


coast,  roughly  following  the  bathymetry.  This 
flow  varies  in  intensity  and  extent  from  year  to 
year.  In  the  summer  of  1979,  a  westerly  mean 
flow  paralleled  the  coastline  and  was  super¬ 
imposed  upon  a  highly  variable  flow  which 
included  reversals  (Muench  1981). 

Bering  Strait 

The  Bering  Sea  is  characterized  by  an  open 
shelf  south  of  St.  Lawrence  Island.  Mean  cur¬ 
rents  are  variable  in  direction  and  range  from  1  to 


4  cm/s,  with  the  tidal  current  accounting  for 
55  (±31)%  of  the  fluctuation  (Coachman,  Salo, 
and  Schumacher  1983).  Near  St.  Lawrence 
Island,  the  Bering  Sea  narrows  into  two  straits, 
the  Shpanberg  and  Anadyr.  North  of  the  island 
the  two  straits  merge  to  form  the  Bering  Strait. 
Circulation  here  is  dominated  by  a  northward 
mean  flow  ranging  from  4  to  15  cm/s.  with  very 
small  tidal  influences  24  (±13)%  variability 
(Coachman,  Sa/o,  Schumacher  1983).  Flow  in 
both  the  Anadyr  and  Shpanberg  is  to  the  north, 
approximately  parallel  to  the  local  bathymetry. 
The  flow  appears  to  come  from  around  botn  ends 


Figure  4.  Bering  Sea  Currents— Summer 


Legend 

Bering  Sea  surface  currents.  Numbers 
indicate  mean  speed  in  cm/s.  Arrows 
depict  flow  as  follows: 

♦ -  Prevailing  current  direction 

4 -  Variable  current  direction 

Bering  Sea  surface  currents  synthesized  from 
Arsen'er  1967;  Goodman  et  al  1942;  Kinder  and 
Schumacher  1981;  LaBeile  1983;  Marine  Advisory 
Program.  University  of  Alaska;  Notorov  1963; 
Peito  1981;  Takenouti  and  Ohtahi  1974;  and  U.S. 
Navy  1977 


of  St.  Lawrence  Island.  Frequent  reversals  are 
coincidental  with  meteorological  events.  These 
reversals  can  affect  the  flow  over  vast  regions 
covering  thousands  of  square  kilometers.  The 
presence  of  ice  appears  to  dampen  the  impact  of 
wind  stress  forcing.  The  major  driving  force  for 
the  northward  flow  through  Bering  Strait  is  the 
sea  surface  sloping  down  to  the  north  (Aagaard 
and  Coachman  1966).  A  slope  of  2x10_‘  is 
associated  with  average  summer  northerly 
transport  of  approximately  1 .6  xIO*  m3/s.  The  nor¬ 
mal  condition  is,  thus,  one  in  which  sea  level  in 
the  southern  Chukchi  Sea  (in  summer)  is  about 


0.5  m  lower  than  in  the  northern  Bering  Sea.  A  ma¬ 
jor  cause  of  variations  in  the  sea  level  difference 
must  lie  in  fluctuations  of  the  regional  wind 
distribution.  It  is  also  possible  that  the  at¬ 
mospheric  pressure  field  may  itself  directly 
modify  the  oceanic  pressure  field  (Aagaard, 
Coachman,  and  Tripp  1975). 

An  examination  of  recent  meteorologic  data 
(Aagaard  and  Coachman  1981)  showed  the 
following  results.  In  every  case  of  southerly  flow 
through  the  Bering  Strait,  the  large-scale  atmos¬ 
pheric  pressure  patterns  were  the  same.  One  day 


Figure  5.  Bering  Sea  Currents— Winter 


before  a  peak  in  southerly  flow,  a  strong  low- 
pressure  system  was  centered  some  distance  to 
the  southeast  of  Bering  Strait  in  the  area  of 
Bristol  Bay,  Kodiak,  Anchorage,  and  the  northern 
Gulf  of  Alaska.  At  the  same  time  the  Siberian  high 
was  centered  some  distance  west  or  west- 
northwest  of  the  strait.  The  isobars  signifying  the 
strongest  pressure  gradient  between  pressure 
centers  were  located  precisely  over  the  Bering 
Strait  region.  Most  significantly,  they  had  a  nearly 
north-south  orientation  which  extended  from 
over  the  Chukchi  Sea  south  into  the  central  Ber¬ 
ing  Sea— completely  across  the  northern  Bering 
Sea  shelf.  If  the  north-south  orientation  of  the 
isobars  did  not  extend  totally  across  the  northern 
shelf  or  if  the  isobars  were  oriented  northeast- 
southwest  (the  nearest  typical  configuration), 
strong  southerly  flow  events  did  not  occur. 

The  mechanism  which  drives  major  south 
flow  events  now  seems  clear.  Strong  north  winds 
must  develop  over  the  entire  northern  Bering  Sea, 
not  just  over  the  immediate  region  of  Bering 
Strait.  Large-scale,  strong  atmospheric  pressure 
cells  are  required:  a  low  far  10  the  southeast  and  a 
high  well  to  the  west.  The  strong  northerly  winds 
generated  thereby  move  water  southward  off  the 
entire  northern  Bering  Sea  shelf.  Removal  of  suf¬ 
ficient  water  off  the  northern  shelf  generates  a 
sea-level  slope  down  to  the  south— sea-level 
Slope  has  been  shown  to  be  the  major  force 
driving  transport  through  the  strait  (Coachman 
et  al.  1975).  This,  together  with  the  strong  north 
winds  caused  by  the  east-west  atmospheric 
pressure  gradient,  drives  enhanced  southerly 
transport.  These  conditions  apparently  require 
about  one  day  to  develop,  so  that  maximum  south 
transport  occurs  the  following  day.  Because  the 


system  behaves  to  a  marked  degree  as  a  coherent 
unit,  water  levels  at  both  St.  Lawrence  Island  and 
Cape  Lisburne  fall  together  and  are  nearly  in 
phase  with  the  transport. 

Northward  transport  stands  in  contrast  to 
the  southerly  transport  events.  Periods  of  north¬ 
erly  flow  tend  to  be  more  persistent  and  not  so 
great  in  magnitude,  nor  do  they  show  the  marked 
episodic  character  of  the  southerly  flows.  The 
greater  persistence  of  northerly  flow  must  reflect 
the  basic  driving  force,  a  higher  sea  level  in  the 
Bering  Sea  than  in  the  Arctic  Ocean  (Coachman 
et  al.  1975),  which  still  remains  unexplained. 
There  were,  however,  a  number  of  relatively  rapid 
northward  accelerations  of  transport  during  the 
seven  months  of  record  which  appear  to  have  two 
basic  causes: 

(1)  After  strong  south  transport  events, 
rapid  accelerations  commonly  occur  which  can 
be  thought  of  as  compensatory.  When  atmos¬ 
pheric  conditions  causing  the  southerly  trans¬ 
port  event  dissipate,  water  is  not  being  removed 
from  the  northern  Bering  shelf,  but  there  is  still 
voluminous  southerly  transport  in  the  system. 
Water  “piles  up"  in  the  region  around 
St.  Lawrence  Island  and  Norton  Sound,  a  condi¬ 
tion  reflected  by  a  strong,  positive  difference  in 
water  level.  Following  this  by  about  one  day,  a 
strong  northward  acceleration  occurs. 

(2)  Occasionally,  major  northward  accel¬ 
erations  appear  to  be,  at  least  in  part,  directly 
driven  by  atmospheric  conditions.  Specifically, 
these  are  a  strong  low  pressure  centered  in  the 
western  Bering  Sea  southwest  of  Bering  Strait, 
or  a  deep  trough  from  the  central  Aleutians 


toward  the  northwest,  so  that  the  isobars  in  the 
strong  pressure  gradient  are  directed  northward 
from  the  central  Bering  Sea  along  the  axis  of  the 
system.  This  configuration  creates  strong, 
southerly  winds  which  can  move  water  from  the 
central  Bering  Sea  onto  the  northern  Bering  Sea 
shelf,  raising  the  water  level  in  the  vicinity  of 
St.  Lawrence  Island  and  enhancing  the  sea-level 
slope  down  to  the  north. 

Central  Bering 

West  and  northwest  of  the  North  Aleutian 
Basin  and  Yukon  Delta  lies  St.  George  Basin, 
the  Central  Bering  Sea,  and  still  further  west,  the 
Navarin  Basin.  Circulation  in  these  regions  is 
not  as  well  understood  as  in  the  coastal  basins. 
Fewer  studies  have  been  conducted  in  the  off¬ 
shore  Bering.  Data  are  site-specific  and 
sporadic  over  decades.  No  consistent  flow  pat¬ 
terns  have  emerged  as  representative  of  the 
regional  circulation.  In  fact,  there  is  little  con¬ 
sensus  among  investigators  that  the  principal 
flow  is  north-south,  east-west,  or  cyclonic  or 
anticyclonic  in  nature  (See  Natarov  1963: 
Arsen’ev  1967;  Tak  enovti  and  Ohtani  1974: 
Goodman  1942;  Ratmanov  1937).  The  northward 
flowing,  eastern  boundary  current  is  roughly 
balanced  by  a  southward  flow  along  the  Soviet 
coast.  Within  the  central  region,  flow  is  probably 
dominated  by  the  location  and  strength  of  large- 
scale  atmospheric  pressure  cells.  Response 
times,  directions,  and  persistence  are  probably 
of  a  similar  scale  as  those  controlling  flow 
through  the  Bering  Strait  (Aagaard  and 
Coachman  1981).  Thus,  a  dominant  regional 
flow  pattern  is  not  readily  observed  nor  easily 
quantified. 


Sea  Ice 


Introduction 

The  annual  cycle  of  formation  and  dissipa¬ 
tion  of  sea  ice  in  Alaska  waters  has  widespread 
effects  on  a  number  of  phenomena.  When  the  ice 
forms,  the  coastal  climate  changes  in  character 
from  maritime  to  continental  with  much  colder 
temperatures  and  lower  humidities  than  would 
be  the  case  if  open  water  were  present.  The  ice 
also  interferes  and  even  stops  water  transporta¬ 
tion  with  the  possible  exception  of  icebreakers 
and  other  specially  designed  ships.  It  makes  the 
cleanup  of  oil  spills  difficult,  if  not  impossible, 
by  hampering  the  operation  of  cleanup  equip¬ 
ment  and  by  trapping  oil  under  the  ice.  Sea  ice 
also  has  important  effects  on  the  life  cycles  of 
living  creatures  in  and  near  the  sea. 

In  the  Bering  Sea,  the  sea  ice  generally 
begins  as  fast  ice  formation  along  the  shores  of 
the  Seward  and  Chukotsk  peninsulas  In 
October.  As  the  season  progresses  and  waters 
in  the  more  open  portions  of  the  Bering  Sea  cool 
off,  the  pack  ice  generally  begins  its  seasonal 
southward  formation  in  November.  An  esti¬ 
mated  97%  of  the  ice  in  the  Bering  Sea  is  formed 
within  the  Bering  Sea  (Leanov  1960);  very  little  is 
transported  south  through  the  Bering  Strait. 
During  periods  of  increasing  ice  and  prevailing 
northerly  winds,  the  ice  apparently  is  generated 
along  the  south-facing  coasts  of  the  Bering  Sea 
and  moves  southward  with  the  wind  at  as  much 
as  1  knot  before  melting  at  its  southern  limit 
(Pease  1971).  During  periods  of  southerly  winds, 
ice  coverage  generally  decreases  in  the  Bering. 
Prevailing  winds  can  persist  in  one  direction  for 
weeks  at  a  time  in  winter  in  the  Bering  Sea, 
causing  a  wide  variation  in  ice  cover  from  month 
to  month  and  from  year  to  year  (see  Figure  6  and 
map  set  17,  Section  II  of  this  volume). 

Recurring  Leads  and  Polynyas 

Wind  and  current  stresses  on  the  ice  can 
cause  tension  or  divergence  and  open  relatively 
narrow,  long  stretches  of  open  water  in  an  other¬ 
wise  dense  ice  cover.  In  the  absence  of  strong 
currents,  the  wind  induces  leads  which  run 
perpendicular  to  the  wind  direction.  Flaw  leads 
generally  occur  just  seaward  of  the  stable  fast 
ice  zone  when  strong  offshore  winds  develop. 

In  the  Bering  Sea  a  wind-induced  polynya 
(Figure  6)  immediately  south  of  St.  Lawrence 
Island  is  a  frequent  but  undependable  feature 
(McNutt  1981;  Wohl  pers.  comm.).  Northerly 
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Figure  6.  Recurring  Polynyas  Synthesized  from:  McNutt  1981.  Stringer.  Barrett,  and 

Schreurs  1980.  Wohl  1982 


winds  cause  the  polynya  to  form  in  the  lee  of  the  St.  Lawrence  Island,  the  appearance  of  this 

island  as  sea  ice  is  advected  to  the  south.  The  polynya  is  variable,  but  it  is  usually  observed  at 

polynya  can  extend  more  than  160  km  and  is  fre-  least  once  each  year,  often  more.  Its  extent  is 

quently  covered  with  thin  ice.  However,  the  variable,  and  thin  ice  commonly  covers  the 

featureistemporal.andawindshifttosoutherly  polynya  quickly  during  cold,  northerly  wind 
flow  can  close  this  area  rapidly.  At  such  times,  a  storms, 
corresponding  polynya  to  the  north  of 

St.  Lawrence  Island  is  sometimes  observed,  but  The  polynyas  shown  for  Norton  Sound, 

it  is  generally  much  smaller  and  occurs  less  fre-  Bristol  Bay,  and  Kuskokwim  Bay  were  taken 
quently.  from  Stringer,  Barrett,  and  Schreurs  (1980). 

These  features  were  mapped  from  LANDSAT 
A  polynya  can  form  on  any  side  of  Nunivak  scenes  collected  between  1973  and  1976. 

Island,  depending  upon  the  prevailing  wind  Generally,  the  major  polynyas  in  these  areas 

direction.  Usually  the  feature  is  located  to  the  open  in  response  to  northerly  winds,  which 

north  or  south,  under  southerly  or  northerly  cause  all  but  landfast  ice  to  move  toward  the 

winds,  respectively.  Like  the  polynya  off  south.  As  the  polynyas  are  opened  by  the  wind, 
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new  ice  forms  and  is,  in  turn,  advected  south¬ 
ward.  This  mechanism  for  new  ice  production 
can  be  very  efficient  under  the  proper  cir¬ 
cumstances  (Pease  1980).  None  of  the  polynyas 
can  be  considered  even  semipermanent  since  a 
reversal  in  the  wind  direction  can  completely 
close  them.  Furthermore,  many  of  the  areas 
shown  are  partially  covered  with  very  thin  ice 
when  the  northerly  winds  bring  below-freezing 
temperatures. 

Fast  Ice  and  Shear  Zones 

According  to  World  Meteorological  Organi¬ 
zation  sea  ice  nomenclature,  fast  ice  includes  all 
ice  that  has  become  attached  to  the  shore,  even 
multiyear  pack  ice.  A  common  feature  at  the 
seaward  boundary  of  the  fast  ice  is  an  area  of 
shear  ridges.  Shear  ridges  in  the  Bering  Sea  tend 
to  be  more  localized  and  of  lesser  extent  and 
magnitude  than  farther  north.  Figure  7  shows 
the  various  kinds  of  ice  near  shore.  Bering  Sea 
ice  does  not  have  any  multiyear  ridges.  The  ac¬ 
companying  fast  ice  boundary  maps,  from  the 
Alaska  Marine  Ice  Atlas,  were  synthesized  from 
Stringer,  Barrett,  and  Schreurs  (1980). 

Any  significance  accorded  to  trends  appar¬ 
ent  on  these  maps  must  be  tempered  by  consid¬ 
eration  of  the  variability  exhibited  in  the 
ice-edge  data.  At  some  locations,  the  edge  of  the 
fast  ice  varies  considerably  in  position  during 
each  period.  Although  the  average  edges  along 
the  coast  show  a  temporal  trend,  it  has  only 
minor  significance.  In  other  locations,  the 
variability  of  the  fast-ice  edge  of  each  period  is 
small  compared  to  the  changes  in  the  average 
position  from  period  to  period  (Stringer  1981). 
The  intraseason  and  interseason  variability  of 
the  fast-ice  edge  are  very  dependent  on  the 
meteorology  and  associated  wind  patterns  as 
well  as  the  offshore  bathymetry.  Although  the 
prevailing  winds  in  winter  are  generally  north¬ 
easterly,  there  are  often  periods  of  a  week  or 
more  with  southerly  winds.  During  northeasterly 
winds,  shore  leads  and  polynyas  open  up,  only  to 
be  closed  again  when  winds  shift  to  south  or 
southwest.  Also,  the  high  tide  ranges  in  Bristol 
Bay  and  along  the  coast  south  of  Norton  Sound 
tend  to  break  up  extensive  areas  of  fast  ice, 
except  where  it  is  grounded  on  mud  flats  or 
offshore  shoals. 
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Figure  9.  Seasonal  Fast  Ice  Boundary— Norton  Sound  (FebruaryfMarch) 
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Figure  10.  Seasonal  Fast  Ice  Boundary— Norton  Sound  (April/May) 


Figure  11.  Seasonal  Fast  Ice  Boundary— Norton  Sound  (MaylJune) 
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Figure  12.  Seasonal  Fast  Ice  Boundary— Southeast  Bering  (February/March) 


Figure  14.  Seasonal  Fast  Ice  Boundary— Southeast  Bering  (May/June) 


Tides 
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The  practical  study  of  tides,  aimed  at  pre¬ 
dicting  surface  elevations  and  times,  involves 
the  empirical  treatment  of  observations  made  at 
the  desired  location  over  an  extended  period  of 
time.  The  motion  of  the  heavenly  bodies,  par¬ 
ticularly  the  sun  and  the  moon,  relative  to  the 
earth  is  known  with  great  precision,  so  the  tide 
generating  potential  at  any  place  and  time  can 
be  computed.  Mathematically  the  potential  can 
be  resolved  into  a  finite  number  of  strictly 
periodic  components  which,  upon  addition,  pro¬ 
duce  the  total  potential  of  hundreds  of  tide¬ 
generating  components  that  are  listed  by 
various  authors.  Many  of  the  components  are  of 
insignificant  amplitude  and  can  be  excluded 
from  consideration.  In  practice  only  seven  com¬ 
ponents  are  widely  used:  four  semidiurnal  (M2, 
S,  N2,  K;)  and  three  diurnal  components  (Kt,  Ot, 
P*)  (McLellan  1965).  The  names  and  relative 
weights  of  these  components  are  shown  in 
Figure  15. 

Theoretical  modelsof  tides  must  be  verified 
on  the  strength  of  observations  at  tidal  stations 
where  the  tide  wave  has  been  distorted  through 
passage  over  a  continental  shelf  of  complex 
topography.  The  nature  of  tides  in  a  particular 
area  is  highly  dependent  on  the  bathymetry, 
shape,  and  direction  of  the  coastline  and 
latitude.  In  the  Bering  Sea  in  the  last  10  years 
there  have  been  a  large  number  of  presure  gauge 
and  current  meter  observations  taken  so  that 


tides  can  be  modeled  with  a  high  degree  of 
acuracy.  The  following  discussion  paraphrases 
material  contained  in  Pearson,  Mofjeld  and 
Tripp,  1981  in  which  theoretical  tide  model 
results  are  compared  to  observations.  The  tides 
most  concerned  with  are  the  principal  tidal  con¬ 
stituents  N2  and  M2  in  the  semi-diurnal  band  and 
O  and  K  in  the  diurnal  band.  Ordinarily  the  S2 
would  be  Included  in  the  discussion,  however,  S2 
is  anonymously  small  throughout  the  Bering 
Sea,  possibly  because  it  has  small  amplitudes  in 
the  adjacent  North  Pacific  Ocean.  The  com¬ 
plicated  distributions  of  semi-diurnal  and  diur¬ 
nal  tides  in  the  Bering  Sea  produce  a  rich  variety 
of  tidal  types,  ranging  from  fully  semi-diurnal  in 
some  regions  to  fully  diurnal  in  others. 

The  tide  wave  enters  the  Bering  Sea  as  a 
progressive  wave  from  the  North  Pacific  Ocean, 
mainly  through  the  central  and  western 
passages  of  the  Aieutian-Komandorski  Islands. 
The  Arctic  Ocean  is  a  minor  secondary  source  of 
tides  which  propagete  southward  into  the  north 
Bering  Sea  where  they  complicate  the  tidal 
distributions. 

Tides  in  the  Bering  Sea  are  considered  to  be 
the  result  of  cooscilation  with  large  oceans. 
Once  inside  the  Bering  Sea,  each  tidal  consti¬ 
tuent  propagates  as  a  free  wave  subject  to  Cor¬ 
iolis  effect  and  bottom  friction. 


SYMBOL 

NAME  OF 

PARTIAL  TIDE 

COEFFICIENT 

RATIO 

M} 

Principal  Lunar 

100.0 

S, 

Principal  Solar 

46.6 

Nj 

Larger  Lunar  Alliptic 

19.2 

K 

Luni-Solar  Semi-Diurnal 

12.7 

K 

Luni-Solar  Diurnal 

58.4 

0, 

Principal  Lunar  Diurnal 

41.5 

P 

Principal  Solar  Diurnal 

19.4 

Contracted  from  table  15.1. 

Elements  of  Oceanography  (McLellan  1965). 

Figure  15.  Major  Tide  Components 


The  tide  wave  propagates  rapidly  across 
the  deep  western  basin.  Part  of  it  then  pro¬ 
pagates  onto  the  southeast  Bering  shelf  where 
large  amplitudes  are  found  along  the  Alaska 
Peninsula  and  in  Kvichak  and  Kuskokwim  Bays 
(Figure  17).  Another  part  propagates  north¬ 
eastward  past  St.  Lawrence  Island  and  into  Nor¬ 
ton  Sound.  Over  most  of  the  Eastern  Bering  Shelf 
region  the  tide  is  mainly  semi-diurnal,  but  in  Nor¬ 
ton  Sound  diurnal  tides  predominate.  Over  the 
remainder  of  the  Bering  tides  tend  to  be  mixed. 
In  the  Aleutians  diurnal  rather  than  semi-diurnal 
components  are  stronger. 


Legend 
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diurnal 

diurnal 

Max 

Min 

tide 

tide 

Diurnal  range  is  the  average  difference  in  height  between  mean 
higher  high  water  and  mean  lower  low  water  in  feet  on  a  single 
day. 

Max  diurnal  and  Min  diuranl  are  the  maximum  and  minimum  dif¬ 
ferences  in  feet  respectively  between  the  higher  high  water  and 
lower  tow  water  that  are  predicted  to  occur  during  the  year. 


Max  tide  is  the  highest  tide  predicted  to  occur  at  the  location  in  feet  above  the  datum 
level  generally  taken  to  be  the  mean  of  the  lower  of  the  two  low  waters  of  each  day. 

Min  tide  is  the  lowest  tide  predicted  to  occur  at  the  location  in  feet  above  the  datum 
level  generally  taken  to  be  the  mean  of  the  lower  of  the  two  waters  each  day.  A 
negative  number  indicates  a  level  below  the  datum  level. 

Prepared  by  AEIOC  from  West  Coast  of  North  and  South  America  Tide  Tables,  High 
and  Low  Water  Predictions ,  1986,  West  Coast  of  North  and  South  America, 
NOSVNOAA.  1985. 
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Coastal  and  Ocean  Zones  Strategic  Assessment  Data 
Atlas.  Prepublication  Edition,  and  U.S.  Navy.  1972 
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Storm  Surges 


Figure  IS.  Storm  Tracks  with  Storm  Surge  Floods 


Primary  Track 


'  Secondary  Track 


ever,  depending  mainly  on  the  topography  of  the 
water  body  and  secondarily  on  other  param¬ 
eters,  such  as  the  direction  of  movement  of  the 
storm,  strength  of  the  storm,  stratification  of  the 
water  body,  presence  or  absence  of  ice  cover, 
and  nature  of  tidal  motion  in  the  water  body,  the 
periods  of  the  water  level  oscillations  may  vary 
considerably.  Even  in  the  same  water  body, 
storm  surge  records  at  different  locations  can 
exhibit  different  periods. 


Although  storm  surges  belong  to  the  class 
known  as  long  waves,  as  do  astronomical  tides 
and  tsunamis,  there  are  at  least  two  important 
differences.  First,  whereas  tides  and  tsunamis 
occur  on  an  oceanic  scale,  storm  surges  are 
simply  a  coastal  phenomenon.  Second,  signifi¬ 
cant  tides  and  tsunamis  cannot  occur  in  an  en¬ 
closed,  small,  coastal  or  inland  water  body,  but 
storm  surges  can  occur  even  in  lakes,  or  in 
canals  and  rivers.  The  range  or  height  of  a  storm 


Storm  surges  are  waves  oscillating  in  the 
period  range  of  a  few  minutes  to  a  few  days,  in  a 
coastal  or  inland  water  body,  resulting  from  forc¬ 
ing  from  atmospheric  weather  systems  (Murty 
1984).  By  this  definition,  wind-generated  waves 
(often  referred  to  as  wind  waves)  and  swell, 
which  have  periods  of  several  seconds,  are  ex¬ 
cluded.  The  spectrum  of  storm  surge  waves  is 
centered  around  10 cycles  per  second  (CPS), 
which  gives  a  period  of  about  three  hours.  How¬ 


Storm  tracks  depicted  are  a  com 
posite  of  actual  flooding  events 
from  case  histones  Wise,  et  al., 
1981 


surge  depends  not  only  on  characteristics  of  the 
storm  but  also  on  the  topography  onshore  and 
bathymetry  offshore.  Shallow  water  bodies 
generally  experience  surges  with  greater 
ranges.  Also,  the  height  of  a  storm  surge  is  less  if 
the  sea  floor  is  steep  than  if  there  is  a  shallow 
slope  to  the  sea  floor  (Murty  1984).  Storm  charac¬ 
teristics  that  effect  the  height  of  a  surge  include 
atmospheric  pressure;  wind  speed,  direction, 
and  length  of  fetch;  the  latitude;  and  the  direc¬ 
tion  and  speed  of  storm  movement.  Air  and 
water  temperature  differences  also  affect  the 
height  of  surges. 

Following  is  a  discussion  of  the  storm 
surge  potentials  from  a  study  done  in  1 981  (Wise, 
Comiskey,  and  Becker),  supplemented  by  storm 
statistics  since  then  (NOAA  Storm  Data, 
1981-1986)  and  a  modeling  study  for  surges  in 
Norton  Sound  (Wise,  Comiskey,  and  Becker 
1981;  Kowalik  and  Johnson  1985). 

Along  the  southwest  and  south  coasts  of 
the  Seward  Peninsula  the  terrain  is  generally  of 
moderate  relief,  with  the  exception  of  Port 
Clarence  and  the  east  end  of  Norton  Sound.  The 
waters  offshore  are  shallow  with  a  gently 
sloping  sea  floor.  The  open  waters  of  the  Bering 
Sea  provide  a  long  fetch  for  the  development  of 
storm  waves.  Sea  ice  restricts  the  development 
of  storm  waves  from  about  the  first  of  December 
to  the  first  of  June  on  the  average;  however, 
there  can  be  a  high  degree  of  annual  variability. 
Of  13  known  flooding  events  in  Nome,  all  except 
two  occurred  in  the  fall.  One  destructive  storm 
for  which  little  factual  information  is  available 
occurred  in  April  1906,  and  another  occurred  in 
July  1969.  Surges  above  4  m(12  ft)  have  occurred 
along  this  section  of  coast.  The  most  recent  was 
in  November  1974;  a  3  m  (10-ft)  surge  brought 
water  into  the  town  over  the  sea  wall.  This  par¬ 
ticular  storm  caused  widespread  flooding  all 
along  the  Bering  Sea  coast. 

With  the  exception  of  the  Shaktoolik  River 
mouth,  which  is  of  low  relief  and  marshy,  the 
coast  at  the  east  end  of  Norton  Sound  is 
generally  rugged  due  to  the  proximity  of  the 
Nulato  Hills.  The  south  coast  of  Norton  Sound  is 
generally  of  low  relief.  The  sound  itself  is 
shallow,  with  a  gently  sloping  sea  floor  that  is 
very  favorable  for  the  development  of  storm 
surges.  The  range  of  wind  directions  for  the 
development  of  storm  surges  is  limited  to  west- 


southwest  to  west.  However,  the  east  end  of 
Norton  Sound  often  experiences  minor  flooding, 
despite  unfavorable  winds,  due  to  rising  sea 
levels  all  over  the  sound. 

A  storm  surge  modeling  study  (Kowalik  and 
Johnson  1985),  determined  that  for  the 
November  1974  storm  the  highest  surge  in 
Norton  Sound  was  in  Norton  Bay,  with  a 
modeled  surge  of  more  than  3  m  (10  ft).  The 
same  study  also  determined  that  negative 
surges  of  more  than  a  meter  can  occur  in  the 
eastern  end  of  Norton  Sound  in  the  presence  of 
strong,  persistent  northeast  winds  in  winter  with 
an  ice  cover  present.  The  winds  tend  to  move  the 
pack  ice  away  from  the  shorefast  ice  and  reduce 
ice  cover  from  0.7  or  0.9  coverage  to  less  than 
0.55  coverage  over  much  of  Norton  Sound. 

Eleven  of  the  twelve  storm  surge  cases  at 
Unalakleet  occurred  in  the  fall;  the  other  was  in 
July.  Sea  ice  and  shorefast  ice  limit  the  fetch  for 
the  development  of  positive  storm  surges  from 
about  the  first  of  December  to  the  first  of  June. 

The  shores  of  Pastol  Bay  and  the  north 
coast  of  the  Yukon  River  delta  do  not  have  long 
fetches  favorable  for  the  generation  of  waves 
and  storm  surges.  However,  this  area  ex¬ 
periences  surges  due  to  increases  in  the  height 
of  the  water  in  Norton  Sound.  The  remaining 
coast  of  the  Yukon  Delta  is  exposed  to  the  open 
waters  of  the  Bering  Sea,  where  conditions  are 
very  favorable  for  the  development  of  storm 
surges  due  to  low  relief  onshore,  shallow  water 
offshore,  and  thousands  of  miles  of  open  sea. 
Most  surges  causing  property  damage  occur  in 
the  fall  or  in  August.  However,  early  summer 
surges  can  be  very  hard  on  nesting  birds  in  the 
salt  flats.  In  June  1963  80%  to  90%  of  the  black 
brandt  production  was  lost  due  to  flooding  of  the 
nesting  area  after  eggs  were  laid. 

The  coastal  area  is  generally  of  low  relief 
from  the  Kuskokwim  Delta  to  Goodnews  Bay, 
with  numerous  lakes,  sloughs,  and  marshes. 
From  Goodnews  Bay  to  the  Nushagak  Peninsula 
the  coastline  is  more  rugged  due  to  the  proximity 
of  the  Ahklun  Mountains.  The  remainder  of  the 
coastline  of  Bristol  Bay  is  similar  to  the  stretch 
from  the  Kuskokwim  River  to  Goodnews  Bay.  Of¬ 
fshore  the  shape  of  the  sea  floor  is  conducive  to 
the  formation  and  enhancement  of  storm 
surges.  From  Goodnews  Bay  northward  an  ade¬ 


quate  fetch  can  be  generated  with  storm  winds 
from  south  through  v.est  to  northwest.  East  of 
Goodnews  Bay,  westsouthwest  to  west  are  the 
only  directions  from  which  an  adequate  fetch 
can  develop. 

Autumn  and  late  summer  are  the  seasons 
for  destructive  storm  surge  flooding  in  this  area. 
There  are  ten  known  cases  of  storm  surge 
flooding  of  populated  areas;  seven  were  in 
autumn  and  three  were  in  August.  Two  storms,  in 
November  1979  and  in  August  1980,  account  for 
most  of  the  factual  reports  of  storm  surge 
flooding.  The  November  1979  storm  caused 
storm  surge  flooding  from  Cape  Newenham  to 
Scammon  Bay.  Surges  were  estimated  at  2.5  m 
(8  ft)  in  exposed  locations  in  the  Kuskokwim 
Delta.  The  storm  was  on  a  track  from  west- 
southwest  to  eastnortheast,  and  a  long  fetch  of 
more  than  640  km  (400  mi)  developed  with  the 
storm.  The  August  1980  storm,  one  of  the  few 
summer  flooding  events,  caused  flooding  on  the 
shore  of  Bristol  Bay.  The  storm  was  on  a  track 
from  south-southwest  toward  north-northeast 
from  near  Atka  Island,  in  the  Aleutians,  to 
Kuskokwim  Bay.  Exposed  locations  showed 
surge  flooding  up  to  4  m  (12  ft). 

The  coastal  area  from  Hooper  Bay  to  Kinak 
Bay  is  a  favored  nesting  area  of  migratory  birds 
in  the  spring  and  summer.  Minor  storm  surges 
that  cover  nests  in  this  area  at  the  wrong  time 
can  be  detrimental  to  the  annual  production  of 
several  species  of  birds.  Five  cases  of  minor 
summer  flooding  of  the  salt  flats  were  docu¬ 
mented  in  an  annual  report  for  the  Clarence 
Rhode  National  Wildlife  Refuge  (USFWS  1964) 
One  event  (June  22, 1963)  caused  a  loss  of  black 
brandt  offspring  estimated  at  80%  to  90%  of  the 
year's  production. 

Most  of  the  north  shore  of  the  Alaska  Penin¬ 
sula  east  of  Cold  Bay  is  favorable  for  the  occur¬ 
rence  of  storm  surge  flooding,  with  low,  marshy 
terrain  onshore  and  a  moderately  sloping  sea 
floor  offshore.  West  of  Cold  Bay  the  Aleutian 
Islands  and  the  south  shore  of  the  Alaska  Penin¬ 
sula  conditions  are  not  favorable  due  to  rugged 
terrain  onshore  and  steep  ocean  floor  offshore. 
The  only  storm  surges  discovered  in  this  area 
were  at  Meshik,  or  Port  Heiden,  and  St.  Paul. 
Damage  to  structures  in  this  area  is  more  likely 
to  be  from  strong  winds  and  beach  erosion 
caused  by  wave  action  than  from  flooding. 
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Superstructure  Icing 


Structural  icing  on  ships,  offshore  struc¬ 
tures,  and  port  facilities  is  a  wintertime  hazard  in 
open  waters  and  coastal  sections  of  Alaska.  The 
icing  causes  slippery  decks,  renders  moving 
parts  inoperable,  and,  in  extreme  cases,  causes 
uneven  loading  and  raises  the  center  of  gravity 
on  small  ships.  Accumulation  of  ice  on  rigging 
and  on  deck  equipment  such  as  crab  pots  also 
increases  wind  effects  because  a  larger  surface 
area  is  presented  to  the  wind.  Ice  forming  on 
structural  surfaces  above  or  close  to  a  body  of 
water  arises  principally  from  sea  spray  (Nauman 
and  Tyage  1985;  Liljestrom  1 985/,  with  lesser 
amounts  from  atmospheric  precipitation  (freez¬ 
ing  rain  and  wet  snow)  and  fog  (arctic  sea  smoke, 
white  frost,  black  frost).  Sea  spray,  the  most 
dangerous  source  of  icing,  is  produced  by  the 
breaking  of  waves  against  obstacles  such  as 
ships'  hulls,  other  floating  objects,  shore  struc¬ 
tures,  and,  possibly,  other sourcesfMinsk  1977). 

Statistical  analysis  (Borisenkov  and  Panov 
1972)  of  more  than  3,000  cases  of  ship  icing 
indicates  that  in  86%  of  the  cases  icing  was 
caused  by  ocean  spray  alone.  Spray  combined 
with  fog,  rain,  or  drizzle  (liquid  sources) 
accounted  for  only  6.4%  of  the  cases,  and  spray 
combined  with  (solid  source)  snow  only  1.1%. 
The  cases  of  icing  attributable  only  to  fog,  rain, 
or  drizzle  account  for  2.7%  (Minsk  1977).  In  the 
remainder  of  icing  cases  data  were  not  suffi¬ 
cient  to  determine  the  cause. 

Since  the  overwhelming  majority  of  super¬ 
structure  icing  on  ships  and  offshore  structures 
is  from  sea  spray,  the  remainder  of  this  section 
will  concentrate  on  this  type  of  icing.  Since  a 
ship  can  present  different  aspects  to  the  wind 
and  spray,  it  is  to  be  expected  that  the  amount  of 
spray  reaching  the  ship  will  vary:  Russian 
observations  (Kultashev,  et  al.  1972)  showed 
that  the  greatest  frequency  of  spray  and,  there¬ 
fore,  icing  occurs  when  a  ship  is  heading  into  the 
wind  at  an  angle  between  15°  and  45°.  Asym¬ 
metrical  icing  occurs  under  this  condition,  with 
the  greater  accumulation  on  the  windward  side. 
Less  icing  occurs  with  the  ship  headed  directly 
into  the  wind,  and  then  accumulation  tends  to  be 
uniform.  With  ships  heading  downwind,  spray 
icing  is  generally  much  less  than  at  other  angles. 
In  developing  the  nomogram  for  forecasting 
spray  icing  potential,  downwind  cases  (those  for 
which  the  ship’s  heading  was  120°  or  greater  off 
the  wind)  were  not  used. 


Meteorological/oceanographic  conditions 
necessary  for  significant  spray  icing  are  water 
temperatures  less  than  8°C,  winds  of  25  knots 
(13  meters  per  second)  or  more,  and  air 
temperatures  less  than  -2°C  (28  °F,  the  freez¬ 
ing  temperature  of  seawater  of  average  salinity). 
Generally,  the  stronger  the  wind,  and  the  colder 
the  air  and  water,  the  higher  the  rate  of  icing  on 
comparable  vessels  or  structures.  In  some 

Figure  19.  Superstructure  Icing  Rate  Nomogram 


cases,  however,  where  the  wind  fetch  is  not 
sufficient  to  fully  develop  waves,  icing  rates  are 
lower. 

The  accompanying  potential  superstruc¬ 
ture  icing  rate  nomogram  (Figure  19)  is  a 
modification  of  that  shown  in  Wise  and  Com- 
iskey(l980),  using  the  open  ocean  casesappear¬ 
ing  in  Pease  and  Comiskey  (1985),  developed 
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from  icing  case  histories  in  the  Gulf  of  Alaska 
and  southern  Bering  Sea.  Icing  intensities  in  in¬ 
ches  per  hour  are  also  from  Pease  and  Comiskey 
(1985).  If  a  vessel  experiencing  icing  takes 
evasive  action  (i.e.,  changes  heading,  reduces 
speed,  seeks  shelter,  etc.),  icing  rates  experienc¬ 
ed  would  probably  be  less. 

Reported  cases  of  ship  icing  (Figure  20)  in 
the  northern  Gulf  of  Alaska  and  the  Bering  Sea 
are  shown  from  two  sources;  Borisenkov  and 
Panov  (1972)  and  WBH29  (Dyson  1975-83).  The 


lack  of  reported  icing  in  the  northern  Bering  may 
be  a  result  of  reduced  ship  traffic  as  well  as  con¬ 
ditions  not  favorable  for  icing.  Kozo  (1983)  esti¬ 
mates  a  potential  for  superstructure  icing  for  the 
northern  Bering  Sea  in  September,  extending 
into  Norton  Sound  in  October,  and  even  into  the 
southern  Bering  during  the  most  extreme  condi¬ 
tions.  Icing  potential  decreases  in  the  north 
Bering  as  the  sea  ice  cover  advances;  however, 
the  potential  for  moderate  or  heavy  icing  down¬ 
wind  of  the  sea  ice  edge  persists  throughout  the 
winter. 


r 


Figure  21.  Climatic  Means  and  Extremes 


Prevailing  Direction  /  Average  Annual  Speed 


Where  the  mean  annual  temperature  (average  of  the  mean 
annual  maximum  and  minimum)  is  less  than  zero  some 
type  of  permafrost  will  probably  be  present. 

These  data  can  be  used  for  long-range  planning  and 
design  criteria.  More  detailed  information  can  be  obtained 
from  the  National  Climatic  Data  Center  and  the  Arctic 
Environmental  Information  and  Data  Center  in  Anchorage. 

NA  =  Information  is  not  available 

Prepared  from  NOAA/NESDIS  and  Canadian  AES  data. 
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Hypothermia 


Hypothermia  is  the  cooling  of  the  body's 
core  temperature  to  95  *F  or  beiow.  It  can  cause 
shivering,  numbness,  and  disorientation.  In  the 
i  extreme  it  can  cause  death.  The  body  loses  heat 

gradually  in  cold,  dry  conditions,  but  quickly 
becomes  hypothermic  in  wet  conditions.  Rain, 
immersion  in  cold  water,  and  perspiration  can  all 
cause  rapid  heat  loss.  However,  the  evaluation 
and  t'ea'ment  cf  hypothermia,  whether  wet  or 
dry,  on  land  or  water,  is  essentially  the  same, 
L  namely  to  warm  the  victim  by  whatever  appro¬ 
priate  means  are  available. 

The  following  discussion  was  taken  in  part 
from  Peters  (1982). 

The  body  loses  heat  in  five  ways: 

•  A  large  amount  of  heat  is  lost  from  the  body 
in  respiration.  Exhaled  warm  air  is  replaced  by 
cooler  inhaled  air,  producing  a  net  heat  loss.  The 
amount  of  the  net  heat  loss  can  be  reduced  by 
covering  the  mouth/nose  with  wool  or  fur,  there¬ 
by  "prewarming"  the  inhaled  air  as  it  passes 
through  the  material  which  has  been  warmed  by 
exhaled  air  and  by  heat  radiating  from  the  body. 

•  Evaporation  of  perspiration  from  the  skin 
and  moisture  from  the  lungs  contributes  greatly 
to  the  amount  of  heat  lost  by  the  body.  Although 
evaporation  cannot  be  prevented,  the  amount  of 
evaporation  (and  therefore  cooling)  can  be  con¬ 
trolled.  Wearing  clothing  that  can  be  opened  or 
removed  easily  for  ventilation  will  let  water 
vapor  escape  and  not  condense  to  liquid  water  in 
the  clothing.  Keeping  clothing  dry  preserves  its 
insulating  value  and  reduces  heat  loss. 

•  Sitting  on  snow,  touching  cold  equipment, 
and  being  rained  upon  are  all  examples  of  how 
heat  can  be  lost  as  a  result  of  conduction.  If  an 
individual  becomes  wet  a  tremendous  amount 
of  body  heat  is  lost  rapidly.  Deaths  have 
occurred  as  a  result  of  immersion  in  water  below 
40°F— body  temperature  could  not  be  main¬ 
tained.  Although  not  as  immediately  serious, 
perspiration,  rain,  or  wet  snow  should  never  be 
allowed  to  saturate  articles  of  clothing,  as  this 
seriously  reduces  their  insulating  properties. 


•  Radiation  causes  the  greatest  amount  of 
heat  loss  from  the  body  from  uncovered  sur¬ 
faces,  particularly  the  head,  neck,  and  hands. 
Coverage  of  these  areas,  therefore,  is  extremely 
important  in  keeping  warm. 

•  The  body  continually  warms  (by  conduction) 
a  thin  layer  of  air  next  to  the  skin.  If  the  warm 
layer  is  removed  by  wind  or  air  currents  (advec- 
tion),  the  body  is  cooled.  The  primary  function  of 
clothing  is  to  retain  this  layer  of  warm  air  next  to 
the  skin  by  enclosing  air  in  cell  walls  or  between 
numerous  fibers,  while  allowing  water  vapor  to 
pass  outward.  Heat  is  lost  rapidly  with  the 
lightest  breeze  unless  the  proper  type  of 
clothing  is  worn  to  prevent  the  warm  air  from  be¬ 
ing  advected  away. 

Deaths  have  been  attributed  to  a  loss  of 
body  heat  at  temperatures  of  40^,  with  a 
30  mph  breeze.  Underthese  conditions,  the  cool¬ 
ing  effect  on  the  skin  is  equal  to  that  of  much 
lower  temperatures  due  to  increased  evapora¬ 
tion  and  convection.  With  lower  temperatures 
and/or  strong  winds,  cooling  occurs  even  more 
rapidly.  Wind  protection  and  insulation  (dead  air 
space)  can  help  ensure  that  body  heat  is 
retained  at  a  safe  level. 

Treatment 

Recognition  and  proper  treatment  of  hypo¬ 
thermia  must  be  prompt.  Delays  even  after 
rescue  can  cost  a  person  his  life.  Low  body 
temperature  is  the  best  indication  of  hypo¬ 
thermia.  Blood  pressure  and  pulse  are  also  good 
indicators.  The  pulse  is  generally  slow  and 
irregular,  while  blood  pressure  is  low. 

The  hypothermia  victim  is  pale  in  appear¬ 
ance,  the  pupils  are  constricted  and  react  poorly 
to  light,  and  respiration  is  slow  and  labored.  He 
will  usually  be  shivering  violently,  with  frequent 
muscular  rigidity.  There  may  also  be  an 
appearance  of  intoxication. 

Emergency  treatment  must  begin  as  soon 
as  possible  to  stop  the  drop  in  body  temperature. 
Wet  clothing  should  be  removed.  If  the  body 
temperature  is97°Forabove,  notreatmentother 


than  dry  clothing  and  moving  the  victim  to  a 
warm  area  is  generally  necessary.  If  these  are 
not  available,  the  wet  clothing  should  not  be 
removed. 

Combatting  "afterdrop"  in  the  core  body 
temperature  is  extremely  important.  When  heat 
is  applied  to  the  arms  and  legs,  it  causes  those 
blood  vessels  to  relax.  This  allows  cold  blood  to 
flow  back  into  the  body  core,  further  cooling  the 
vital  organs.  Warming  of  the  trunk  of  the  body 
should  be  the  prime  concern. 

During  experiments  in  conjunction  with  the 
U  S.  Coast  Guard,  researchers  determined  that 
the  best  warming  technique  was  from  the  inside 
out,  by  having  the  victim  breathe  moist,  warmed 
oxygen  (Wilson  1976). 

The  next  best  treatment  is  a  hot  bath,  with 
the  water  temperature  between  90  and  100°F.  If 
a  tub  is  not  available,  an  inflated  life  raft  could  be 
used.  If  possible,  the  limbs  should  remain  out  of 
the  water.  When  no  tub-type  facility  is  available, 
a  hot  (115°F)  shower  while  wrapped  in  towels  or 
blankets  is  preferable. 

When  hot  water  for  a  tub  or  shower  is 
unavailable,  wrap  the  victim  in  blankets  in  a 
warm  room  with  a  heating  pad  or  well-wrapped 
hot  water  bottle  on  the  chest,  or  apply  bodv 
warmth  by  direct  contact  with  a  rescuer. 

Warm  liquids  may  be  given,  but  care  must 
be  taken  to  insure  the  victim  is  conscious  and 
does  not  breathe  the  liquid  into  his  lungs. 
Alcohol  should  never  begiven  because  it  causes 
“afterdrop."  Observe  the  victim's  respiration 
closely  and  monitor  for  vomiting. 

It  has  been  learned  in  studies  done  in 
Alaska  that  victims  of  wet  hypothermia  can  sur¬ 
vive  for  a  prolonged  time  in  cases  of  deep  cool¬ 
ing.  Apparently,  in  the  rapid  cooling  which 
occurs  with  wet  hypothermia,  physiological 
changes  undergone  by  the  body  are  more  likely 
to  be  reversible  than  in  the  slower  cooling  of  dry 
hypothermia.  There  have  been  victims  of  immer¬ 
sion  hypothermia  who  were  apparently  dead  but 
revived  with  proper  treatment. 


Wind  Chill  (Equivalent  Temperatures) 


The  temperature  of  the  air  is  not  always  a 
reliable  indicator  of  how  cold  a  person  will  feel 
outdoors.  Other  weatherelements,  such  as  wind 
speed,  relative  humidity,  and  sunshine  (solar 
radiation),  also  exert  an  influence.  In  addition, 
the  type  of  clothing  worn,  together  with  the  state 
of  health  and  the  metabolism  of  an  individual, 
influence  how  cold  a  person  will  feel.  Cooling 
may  be  described  as  loss  of  heat  from  exposed 
flesh.  Freezing  occurs  when  there  is  ouch  total 
heat  loss  that  ice  forms  in  the  exposed  tissues. 
The  cooling  power  of  the  atmosphere  (by  wind)  is 
primarily  heat  transfer  by  advection— in  human 
cases,  by  exposure  of  uncovered  flesh  to  the 
environment.  Even  small  amounts  of  air  move¬ 
ment  have  considerable  chilling  effect  because 
this  movement  disrupts  or  removes  the  thin  layer 
of  warmed  air  that  builds  up  near  and  about  the 
body.  This  air  movement  leads  to  loss  of  total 
heat,  since  heat  is  transferred  from  the  core  of 
the  body  to  rewarm  the  new  colder  air,  replacing 
that  blown  away.  Therefore,  wind  chill  not  only 
leads  to  frostbite  locally,  but  may  contribute  to 
general  hypothermia. 


Equivalent  Wind  Oiii  Tomperalu 


Cooling  Power  01  Wind  Expressed  As  Equivalent  Chill  Temperaiuie 


Temperature  (°C| 


Equivalent  Chill  Temperature 


12 

8 

4 

0 

4 

8 

12 

16 

-  20 

-  24 

28  -  32  -  36  -  40  j  -  44  |  ««  [  62  |  -56 

9 

5 

0 

4 

b 

13 

-  17 

-22 

-  26 

-31 

-35  -40  -44  -  49  J  S3  J  58  gj| .  - 

6 

0 

5 

10 

15 

21 

26 

-31 

-36 

-42 

-47  -52  -57 

3 

3 

8 

14 

-  20 

-  25 

-31 

-37 

-43 

-4S 

-54 

t 

5 

17 

-  23 

29 

-35 

-41 

-47 

-53 

-59 

0 

6 

12 

18 

-  25 

-  31 

-37 

-43 

-49 

-56 

0 

7 

-  13 

19 

26 

-32 

-39 

-45 

-51 

-56 

- 

1 

l 

u 

20 

-  27 

-33 

-40 

-  40 

-52 

1 

8 

-21 

27 

-34 

-40 

-47 

-53 

-V. 

1 

8 

.14 

21 

-27 

-34 

-40 

-47 

-53 

1 

O 

'* 

2’ 

-  34 

-40 

-47 

-53 

Lillie  Danger  IneteMtng  Danger 

(Flesh  May  Freeze 

Within  1  Minute) 

_ 

Danger  of  Freezing  Exposed  Flesh  For  Properly  Clothed  individuals 


Figure  22.  Equivalent  Wind  Chill  Temperature 


Adapted  from  NWS/NOAA  Technical  Procedures 
Bulletin  No.  165.  Effective  Temperature  (Wind  Chill  Index)  1976. 


During  the  antarctic  winter  ot  1941  Siple 
and  Passel  developed  a  formula  to  determine 
wind  chill  from  experiments  made  at  Little 
America  (Siple  and  Passel  1945).  The  formula 
relates  heat  loss  (H)  from  an  object  or  person  to 
wind  speed  and  to  the  difference  in  temperature 
between  the  air  and  the  object  or  person  (DT).  It 
is  measured  in  heat  units  (calories)  per  unit  area 
over  time.  The  skin  temperature  of  most  people 
is  approximately  33 °C  (91.4°F).  Heat  losses  for 
the  human  body  can  then  be  computed  for  any 
combination  of  wind  and  temperature. 
Equivalent  temperature  is  based  on  calm  condi¬ 
tions  and  a  person  walking  vigorously  at  3  knots 
(4  mph).  Each  combination  of  wind  and  air 
temperature  produces  a  heat  loss  H.  The 
equivalent  temperature  is  that  temperature  that 
would  compute  the  same  heat  loss  at  a  wind  of 
3  knots.  The  accompanying  chart,  figure  18, 
shows  equivalent  wind  chill  temperatures  in  °C 
for  various  combinations  of  winds  in  knots  or 
km/hr  and  temperatures. 

Concepts  in  the  following  discussion  of 
wind  chill  are  from  an  appendix  to  an  article  by 


William  J.  Mills,  Jr.,  M.D.,  as  published  in  Alaska 
Medicine  (1973).  Dr.  Mills  is  still  active  in  the 
treatment  of  cold  injuries  in  Alaska. 

Almost  everyone  knows  that  the  increased 
speed  of  wind  may  cause  increased  danger  of 
skin  freezing.  Many  assume  that  the  increase  in 
wind  speed  causes  the  ambient  air  temperature 
to  fall  lower.  This  is  not  so.  What  does  occur  is  air 
movement,  so  that  warmed  air  is  moved  away 
from  the  individual  exposed  to  the  wind,  causing 
first  local,  then  general  body  cooling.  Any  result¬ 
ant  decrease  of  skin  temperature  is  U  jo  to  heat 
loss,  insidious  or  sudden.  Local  vasoconstric¬ 
tion,  vascular  shunting,  and  cellular  changes 
take  place;  eventually  ice  forms  in  the  tissues, 
with  true  tissue  freezing  or  frostbite. 

This  phenomenon  can  be  readily  proved. 
Place  a  laboratory  recording  thermometer  with  a 
thermistor  attached  (or  any  outdoor  ther¬ 
mometer)  out  your  car  window  on  a  calm  day 
when  the  temperature  is,  say,  -  20  °C  ( -  4  °F)— 
just  a  nice  winter  day  in  Anchorage,  Alaska.  Let 
it  sit  for  a  few  minutes  until  the  temperature 


reading  has  stabilized.  This  temperature,  as 
read,  will  remain  at  the  ambient  air  temperature 
level.  Now  slowly  accelerate  your  vehicle  to 
80  km/hr  (50  mph);  the  temperature  remains 
unchanged  at  -20°C  (~4°F).  Now  attach  the 
thermistor  to  your  bare  hand.  Place  your  un¬ 
gloved  hand  out  the  same  car  window  in  the 
same  ambient  temperature  of  -20°C  (-4°F). 
After  a  few  minutes  at  0  kmfhr,  the  skin 
temperature  may  be  read  at  approximately93°F 
(normal  skin  temperature  in  the  nonsmoker). 
Your  skin  temperature  will  drop  as  heat  is  lost  to 
the  exterior,  sometimes  falling  as  low  as  85°  to 
80  °F  very  rapidly.  As  the  car  is  accelerated  and 
the  warmed  air  layer  is  moved  away,  the  ther¬ 
mistor  records  skin  heat  loss.  If  you  continue 
driving,  your  skin  temperature  may  drop  to  a 
level  near  23°F  (-5°C),  the  temperature  at 
which  freezing  of  skin  may  actually  occur. 

Wind  chill  may  occur  not  only  from  natural 
wind,  but  also  with  air  movement  generated  by 
automobile,  snowmobile,  aircraft,  or  helicopter 
rotoblade.  These  vehicles  may  predispose 
passengers  to  frostbite  or  general  hypothermia. 
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The  marine  observations  used  in  com¬ 
puting  the  statistics  for  the  maps,  graphs,  and 
tables  in  this  section  of  the  three-volume  atlas 
were  taken  from  the  National  Climatic  Data 
Center  s  (NCDC)  marine  surface  data  files  which 
include  the  Comprehensive  Ocean  Atmosphere 
Data  Set  (COADS).  COADS  is  the  result  of  a 
multiyear  effort  by  NOAA  and  the  National 
Center  for  Atmospheric  Research  (NCAR)  to  pro¬ 
vide  a  quality-controlled  marine  data  set  which 
incorporates  data  from  a  variety  of  global 
sources  for  1854-1979.  Those  files  are:  TD-1170 
for  COADS  and  TD-1129  for  1980-1985.  Because 
relatively  little  data  exist  for  near-coastal  zones, 
observations  from  66  U.S.,  Canadian,  and 
Russian  coastal  stations  were  combined  with 
the  marine  data  in  order  to  present  the  best 
possible  climatological  picture  of  the  outer  con¬ 
tinental  shelf  waters  and  coastal  regions  of 
Alaska,  and  adjacent  Canadian  and  Russian 
regions. 

Data  for  the  U.S.  and  Russian  stations  were 
taken  from  the  edited  digital  files  of  NCDC  and 
the  U.S.  Air  Force's  Environmental  Technical 
Applications  Center  (ETAC)  in  Asheville,  North 
Carolina.  Digital  data  from  the  Canadian 
stations  were  purchased  from  the  Canadian 
Climate  Centre  in  Downsview,  Ontario.  All  data 
were  subjected  to  thorough  computer  and  visual 
quality  control  in  order  to  eliminate  duplicate 
observations  and  exclude  questionable 
elements  detected  during  internal  consistency 
and  extreme  value  checks. 

The  percentages  of  the  summarized  4.5  mil¬ 
lion  marine  and  8.5  million  coastal  station  land 
observations  that  contain  basic  weather 
elements  are: 

Coastal 


Marine 

Stations 

Wind 

93.8 

99.1 

Visibility 

79.5 

97.5 

Present  weather 

82.8 

95.7 

Total  cloud  amount 

79.6 

97.3 

Low  cloud  amount 

67.4 

57.4 

Sea  level  pressure 

93.5 

89.7 

Air  temperature 

94.4 

98.6 

Wet  bulb  temperature 

59.4 

97.7 

Sea  surface  temperature 

85.6 

— 

Waves 

65.4 

— 

The  marine  and  coastal  study  area  for 
which  data  were  compiled  and  analyzed  was  ex¬ 
panded  from  50°— 80°N  and  130°— 180°W  (in 
the  1977  atlas)  to  40°— 84 °N  and  110°W— 160“E 
in  order  to  afford  greater  coverage  for  each  of 
the  three  atlas  areas,  with  a  minimum  of  overlap 
between  areas.  Element  statistics  (with  obser¬ 
vation  counts)  were  generated  for  each  of  over 
2,550  marine  squares  and  66  coastal  stations 
within  the  study  area,  and  then  plotted  by  com¬ 
puter  on  monthly  charts  which  have  an  albers 
equal-area  conic  projection.  The  marine  plots 
were  1  °  latitude  by  1  °  longitude  squares  for  the 
latitude  belt  40°— 75°N  and  1°  by  2°  areas  for 
75°— 84°N.  An  analysis  was  performed  on  the 
entire  marine  and  coastal  study  area  in  order  to 
permit  continuity  between  the  three  atlas  areas. 
Meteorologists,  aided  by  computer-drawn 
isopleth  contours  south  of  65°N,  drew  isopleths 
(lines  connecting  points  of  equal  magnitude)  on 
420  monthly  element  maps,  and  made  subjec¬ 
tive  adjustments  to  the  analyses  when  data 
biases  or  insufficient  observations  were  evident. 
They  also  performed  consistency  checks  in  the 
sets  of  monthly  patterns  for  each  element  and 
among  elements,  as  well  as  comparative  checks 
with  other  marine  atlases  and  publications  (see 
Reference). 


Although  more  than  a  four-fold  number  of 
marine  data  above  65°N  was  available  for  this 
presentation  than  for  the  same  area  in  the  1977 
atlas,  the  amount  remained  inadequate  to  per- 
mit  a  detailed  isopleth  analysis  by 
meteorologists  or  by  computer-contouring 
routines.  This  was  especially  true  for  the  cooler 
months  when  seasonal  sea  ice  prevented  ships 
of  opportunity  from  frequenting  the  area. 
Isopleth  analyses  for  the  Chukchi-Beaufort  Sea 
area,  by  necessity,  were  based  principally  on  the 
plotted  coastal  stations'  statistics,  extrapola¬ 
tions  of  weather  patterns  identified  in  isopleth 
analyses  for  the  warmer  months,  the  period  of 
greater  data  availability,  and  other  marine  and 
continental  atlases  and  publications. 


To  supplement  the  isopleth  analyses,  near¬ 
ly  16,750  monthly  statistical  graphs,  tables,  and 
roses  were  produced  for  50  of  the  66  land  sta¬ 
tions,  16  representative  marine  areas,  and  43 
5°  by  5°  marine  areas.  The  graphics  represent 
the  objective  compilation  of  all  available  data; 
they  were  not  adjusted  for  suspected  biases, 
and  differences  may  be  found  when  comparing 
the  graphics  data  with  the  isopleth  analyses. 


For  each  topic  set,  all  months  are  grouped 
in  calendar  order  with  one  or  two  pages 
preceding  each  set  containing  the  legend  and 
narrative  for  that  set.  The  legends  contain  detail¬ 
ed  instructions  on  how  to  read  the  graphics  and 
provide  remarks  which  aid  in  interpreting  the 
data.  The  following  paragraphs  contain  addi¬ 
tional  remarks  which  are  likely  to  be  of  interest 
to  those  called  upon  to  interpret  the  data  and 
provide  answers  to  specific  operational  ques¬ 
tions.  The  table  on  page  11-4  describes  the  data 
and  marine  areas  for  this  volume. 

A  word  of  caution.  The  intent  of  this  atlas 
presentation  was  to  gather  and  present  existing 
data  on  climatological  conditions  within  the 
marine  and  near  coastal  areas  of  Alaska  and  ad¬ 
jacent  Canada  and  Russia.  The  data  are 
presented  without  discussion  and  interpreta¬ 
tions.  Given  the  information  presented  in  the  in¬ 
troductory  text,  legend  descriptions  with  related 
text,  and  number  of  observations  (with 
measures  of  variability  for  some)  displayed  with 
the  graphics  presentations,  the  user  should  be 
able  to  assess  the  degree  of  statistical  con¬ 
fidence  in  the  presented  climatology  for  a  given 
month  and  location. 


Standard  Deviation 

Some  of  the  graphs  display  approximation 
of  the  empirical  probability  of  occurrence  of 
selected  criteria.  This  is  a  major  factor  in 
assessing  the  risk  involved  in  operational  plann¬ 
ing.  For  certain  elements,  unbiased  estimates  of 
population  standard  deviations  are  given  on  the 
graphs  to  provide  a  measure  of  variability.  The 
standard  deviation  was  computed  using  the 


expression: 


NDxj2-[£xj)2 
N(N  -  1)  ”  J 


1/2 


where  N  is  the  number  of  observations  in  the 
sample  and  Xj  is  the  jth  realization  of  the  random 
variable  x. 


Sea  Ice 

The  ice  isopleths  presented  in  Sets  17-19 
give  the  percent  probability  of  finding  ice  of  any 
kind,  ice  concentration  of  one-half  coverage  or 
more,  and  ice  thickness  of  eight  feet  or  more, 
within  the  Alaska  study  area.  Actual  concentra¬ 
tion  boundaries,  under  the  influence  of  chang¬ 
ing  synoptic  meteorological  and  oceanographic 


situations,  may  vary  widely  from  the  averages. 
An  isopleth  label,  therefore,  does  not  explicitly 
define  the  conditions  on  either  side  of  the  line 
since  presence  of  sea  ice  is  discontinuous  in 
nature  and  regions  of  80%  mean  ice  concentra¬ 
tion  may  be  bordering  regions  of  20%  ice  con¬ 
centrations  with  no  intermediate  region  of  50% 
ice  concentration.  However,  the  inherent  con¬ 
tinuity  of  persistence  of  sea  ice  features  permit 
an  isopleth  presentation  to  provide  meaningful 
information. 

The  sea  ice  data  were  derived  from  digitized 
weekly  analyses  of  sea  ice  conditions  based 
primarily  on  satellite  imagery  (90%)  sup¬ 
plemented  by  ship  and  shore  reports,  and  aerial 
reconnaissance.  These  weekly  polar  sea  ice 
analyses  have  been  operationally  produced  by 
the  U  S.  Navy/NOAA  Joint  Ice  Center  (JIC)  since 
1972.  In  1981,  JIC  initiated  a  Sea  Ice  Digitization 
Program  to  digitize  the  weekly  polar  ice  maps  as 
they  become  available.  NCDC  was  funded  by  the 
U.S.  Navy  to  design  software  and  digitize  all 
weekly  ice  concentration  charts  available  since 
1972  and  ice  thickness  charts  available  since 
1980,  and  produce  polar  ice  atlases  based  on 
data  through  1982.  The  Antarctic  Ice  Atlas  was 
published  in  1985,  and  the  Arctic  West  and  the 
Arctic  East  Atlases  in  1986  (U.S.  Navy  1986).  The 
U.S.  Navy  also  funded  NCDC  to  accelerate  the 
digitization  of  the  West  Arctic  weekly  charts 
through  1985  and  produce  the  ice  statistics 
presented  in  this  atlas. 

Low  Pressure  Center  Movement 

The  roses  and  tracks  of  the  low  pressure 
center  movement  maps  presented  in  Set  22  are 
based  on  20  years  of  Northern  Hemisphere  track 
charts  (January  1966  -  December  1985)  prepared 
by  the  National  Weather  Service's  National 
Meteorological  Center.  These  charts  show 
cyclone  tracks  based  on  6-hourly  positions  of 
closed  centers.  The  NCDC  was  funded  by  the 
U.S.  Navy  to  develop  the  software  and  digitize 
some  240  monthly  cyclone  track  charts  to  permit 
inclusion  of  the  statistics  in  this  atlas.  Frequen¬ 
cies  of  cyclone  centers  passing  through  5° 
squares  were  analyzed  by  meteorologists  within 
the  35”— 80”N,  115”W— 160°E  area  of  the 
North  Pacific  Ocean  to  obtain  the  mean  tracks. 
Primary  tracks  were  selected  along  axes  of  max¬ 
imum  cyclone  center  frequency  and  secondary 
tracks  along  axes  of  moderate  frequency. 

Persistence  of  Wind  and  Waves 

Duration  and  interval  tables  are  presented 
in  Set  23  for  wind  speed  and  wave  height. 
Seasonal  and  annual  tables  contain  objective 


compilations  for  23  grid  points  in  the  Gulf  of 
Alaska  and  Bering  Sea.  The  statistics  are  based 
on  numerically-derived  wind  and  wave  data 
generated  by  NCDC  using  the  Hindcast  Spectral 
Ocean  Wave  Model  (SOWM),  developed  by  Dr. 
Willard  J.  Pierson  and  others,  in  producing  U.S. 
Navy’s  SOWM  Climatic  Atlases  for  the  North 
Pacific  and  North  Atlantic  Oceans  (U.S. 
Navy  1985).  No  SOWM  data  were  available  to 
produce  persistence  statistics  for  grid  points 
within  the  Beaufort  Sea  (Vol.  Ill)  area. 

Episodes  of  durations  (continuous  hours  or 
days)  of  events  and  episodes  of  intervals  (con¬ 
tinuous  hours  or  days)  between  events  were 
tallied  for  various  thresholds.  These  tables  give 
an  indication  of  how  long  an  episode  is  likely  to 
last  once  it  has  begun.  For  convenience,  the 
time  an  episode  persisted  above  a  given 
threshold  is  arbitrarily  referred  to  as  a 
“duration”  of  the  event.  The  times  between 
episodes  have  been  termed  “intervals.”  Data 
were  summarized  on  a  seasonal  and  annual 
basis  because  12.5  years  of  hindcast  data  were 
considered  too  small  a  sample  to  provide 
representative  durations  and  intervals  for  long 
episodes  of  wind  and  wave  conditions  on  a  mon¬ 
thly  basis.  The  winter  season  is  January-March; 
spring,  April-June;  summer,  July-September;  and 
autumn,  October-December  (World  Meteor¬ 
ological  Organization,  1981). 

Return  Periods  for  Maximum 
Winds  and  Waves 

Tables  of  estimated  maximum  sustained 
wind  speeds  and  wave  heights  for  selected 
return  periods  are  presented  in  Set  24  (Set  23  for 
Volume  III). Estimates  for  winds  are  presented 
for  50  coastal  stations  within  the  3-volume  area 
and  for  23  marine  grid  points  within  the  Gulf  of 
Alaska  and  Bering  Sea  areas  (Vols.  I  and  II). 
Hourly  wind  observations  for  the  stations  and 
numerically-derived  wind  and  wave  data 
generated  by  Pierson’s  Spectral  Ocean  Wave 
Model  (SOWM)  for  the  marine  grid  points  were 
used  in  determining  the  wind  and  wave  extreme 
estimates.  No  SOWM  data  were  available  for  the 
Beaufort  Sea  (Vol.  Ill)  area.  Following  the 
method  outlined  by  Lieblein  (1954,  1974a, 
1974b),  these  estimates  were  obtained  by  initial¬ 
ly  fitting  an  extreme  value  distribution  to  each 
station  and  marine  grid  point  sample  containing 
N  maximum  monthly  or  annual  wind  speed  or 
wave  height  values,  then  inverting  the  distribu¬ 
tion  and  computing  extreme  values  for  selected 
probabilities.  Confidence  bands  were  then  com¬ 
puted  following  the  techniques  of  Gumbel 
(1958),  and  Gumbel  and  Lieblein  (1954). 


The  extreme  value  distribution 

has  the  form: 

F(x)  =  F(x:n,0j  =  exp  -exp  -  J 

where  F(x)  is  the  probability  that  our  observa¬ 
tions  are  equal  to  or  less  than  the  specified 
value  x,  n  is  the  mode,  and  g  is  the  scale 
parameter.  Since  the  wind  data  were  transform¬ 
ed  logarithmically,  y  and  g  refer  to  the 
transformed  data,  not  to  the  wind  maxima.  The 
values  given  in  the  tables  of  Set  24  are  the  result 
of  applying  the  natural  logarithms  of  the  N  an¬ 
nual  extreme  wind  to  the  extreme  value  model, 
determining  the  a  and  g  for  each  data  set,  and 
them  exponentiating  the  logarithms  of  the 
estimates  to  give  the  probability  estimates  in 
knots.  The  wave  data  were  not  transformed 
logarithmically  and,  therefore,  a  and  g  are  in 
feet. 

Graphic  presentations  similar  to  Figure  1  of 
Set  24  were  drawn  for  each  month  and  for  the 
annual  values,  and  are  available  on  microfiche 
at  the  NCDC.  The  year/month  extreme  data  for 
each  station  and  marine  grid  point  are  also 
available  on  magnetic  tape.  These  presenta¬ 
tions  provide  a  visual  indication  of  the 
"goodness  of  fit”  of  the  model  to  the  data.  The 
confidence  limits  shown  by  the  envelope  of 
lines  about  the  line  of  "best  fit"  represent  the 
level  of  uncertainty  in  the  extreme  value 
estimate  corresponding  to  a  given  probability. 
For  this  study,  68%  confidence  limits  were  com¬ 
puted.  This  means  that  in  68%  of  repeated 
samples,  the  true  extreme  value  will  be  con¬ 
tained  within  these  limits. 

Duration  of  Daylight 

The  duration-of-daylight  chart  for  the  Nor¬ 
thern  Hemisphere  defines  daylight  as  the  period 
from  sunrise  to  sunset.  The  upper  scale  at  the 
bottom  of  the  chart  is  for  the  Northern 
Hemisphere;  the  lower  scale  is  for  the  Southern 
Hemisphere.  For  example,  daylight  on  July  20  of 
any  year  at  48°N  is  about  15  hours  and  30 
minutes  for  any  longitude.  The  data  source  was 
the  U.S.  Naval  Observatory  (1945)  and  is 
accurate  for  the  entire  twentieth  century.  Fur¬ 
ther  details  may  be  obtained  from  The 
Daylighter  of  the  Navy  Weather  Research  Facil¬ 
ity  (1960).  Additional  light  (during  twilight)  may 
be  usable  for  many  purposes.  Duration  of 
daylight  in  high  latitudes  (poleward  of  about  60°) 
becomes  increasingly  dependent  upon  atmo¬ 
spheric  conditions  and  refraction,  and  there  may 
be  some  departure  from  the  values  depicted  on 
the  charts. 


Figure  23.  Duration  of  Daylight 
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The  following  stations  and  representative  marine  areas  have  data  plotted  for  analysis  and  graphics. 

No.  of 


Land  Stations 

Lat.(°N) 

Long.(°W) 

Data  Processed 

No.  of  Obs. 

Obs./Day 

Adak 

51.9 

176.7 

Jan  1949-Apr  1985 

264,528 

8-24 

Buhta  Providenja 

64.4 

173.2 

Jan  1959-Apr  1985  + 

54,876 

8 

Cape  Newenham 

58.7 

162.1 

Jul  1953-Jan  1971; 
Jan  1973-Apr  1985 

231,968 

14-24 

Cape  Ozernoy* 

57.7 

163.3E 

Jan  1959-Jul  1976  + 

34,509 

8 

Cape  Romanzof 

61.8 

166.0 

Mar  1953-Dec  1968; 
Jan  1973-Apr  1985 

226,254 

17-24 

Cape  Shipunskiy* 

53.1 

160. 0E 

Jan  1959-Dec  1963;  + 
Jan  1 969- J  u  1  1976 

25,082 

8 

Cold  Bay 

55.2 

162.7 

Jul  1955-Apr  1985 

164,612 

8-24 

Khatirka-ln-Chukot 

62.1 

175.3E 

Jan  1959-Apr  1985  + 

41,972 

8 

King  Salmon 

58.7 

156.7 

Jan  1949-Apr  1985 

221,433 

8-24 

Nikolski 

52.9 

168.8 

May  1959- Nov  1968 

27,370 

8 

Nikol'skoe 

55.2 

166.0E 

Jan  1959-Apr  1985 

66,800 

8 

Nome 

64.5 

165.4 

Jan  1945-Apr  1985 

255,656 

8-24 

Northeast  Cape 

63.3 

169.0 

Jan  1953-Nov  1968 

120,922 

14-24 

Port  Heiden 

57.0 

158.6 

May  1975-Apr  1985 

73.676 

14-24 

St.  Paul 

57.2 

170.2 

Sep  1949-Apr  1985 

135,031 

4-24 

Shemya 

52.7 

174. IE 

Dec  1948-Apr  1985 

227.236 

4-24 

Topata-Olyutorskaya* 

60.6 

171. IE 

Jan  1969- Jul  1976  + 

14.920 

8 

Ugol'naja 

63.1 

179.3E 

Jan  1959-Apr  1985  + 

60.852 

8 

Unalakleet 

63.9 

160.8 

Jul  1948-Apr  1985 

182.001 

6-24 

+  Period  excludes  Jul  1971-Dec  1972. 

'  Stations  used  for  isopleth  analyses  only;  no  graphics  produced. 


Representative 


Marine  Areas 

Lat.CN) 

Long.f  °W) 

Data  Processed 

No.  of  Obs. 

A 

60-65 

Coast-180 

1879-1984 

42.930 

B 

55-60 

169-180 

1905-1984 

58.806 

C 

55-60 

Coast-169 

1908-1984 

87.604 

D 

Aleutian-55 

165-180 

1888-1984 

110.471 

E 

50-Aleutian 

165-180 

1881-1984 

116.510 

F 

50-Coast 

158-165 

1872-1984 

123,020 

Map  1.  Precipitation 


BLACK  LINE  -  Percent  frequency  of  observations  reporting  precipitation. 

BLUE  LINE  -  Percent  frequency  of  precipitation  observations  reporting  frozen  precipitation. 
Albers  Equal-Area  Conic  Projection 

Graphs:  Precipitation/wind  direction 

Percent  frequency  of  surface  wind  observations  from  each  direction 
and  calm  that  were  accompanied  by  precipitation,  subdivided  into 
liquid  (including  freezing  rain  and  freezing  drizzle)  and  frozen 
precipitation. 


%  Pcpn. 


%  Frozen 


<  60 
I- 

Cl  50 


Percentage  of  present  weather  observations  reporting 
precipitation. 

Number  of  observations. 

(34%  of  all  NE  winds  were  accompanied  by 
precipitation,  of  which  14%  was  liquid 
and  20%  was  frozen  precipitation.) 

An  asterisk  in  the  column  for  a  given  direction  (or 
calm)  indicates  percentages  were  based  on  10-30 
observations  of  present  weather  and  wind  direction. 


0  replaces  bar  when  no  precipitation  was  observed 
with  winds  from  a  given  direction  (or  calm).  No 
bar  graph  is  presented  if  less  than  10  observations 
containing  present  weather  are  reported  for  a  given 
direction  (or  calm). 


The  percent  frequency  of  observations  reporting  frozen  precipitation  for  a  given  point  on  a  monthly  isopleth  map  can  be 
determined  by  multiplying  the  percent  frequency  of  observations  reporting  precipitation  (BLACK  LINE)  with  that  of  precipitation 
observations  reporting  frozen  precipitation  (BLUE  LINE). 

Of  the  elements  recorded  in  the  historical  marine  data  base,  precipitation  is  one  that  is  most  subject  to  error  in  both  the  way 
it  is  observed  and  the  way  it  is  interpreted.  It  is  often  implied  in  the  literature  that  ships  often  try  to  avoid  foul  weather  and 
thereby  bias  the  oceanic  climatology  towards  fair  weather.  A  recent  study  by  Elms  (1986),  ir.  which  he  compared  the  Volunteer 
Observing  Ship  (VOS)  data  to  Ocean  Station  Vessel  (OSV)  and  buoy  data,  concluded  there  is  little  evidence  that  "fair  weather 
bias”  is  a  serious  problem  for  most  applications  of  marine  climatic  data. 

Assessing  oceanic  rainfall  data  is  a  major  problem  because  transit  ships  are  unable  to  take  quantitative  precipitation 
measurements.  A  number  of  studies  have  been  conducted  in  efforts  to  predict  precipitation  amounts,  or  rates  of  fall,  based  on 
estimates  derived  from  the  use  of  present  weather  observations  from  ships  of  opportunity  (Goroch,  et  al.,  1984)  and  readings 
from  satellites  (Rao,  et  al.,  1976).  Refer  to  the  text  and  table  in  Set  2  for  additional  information  about  precipitation. 
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Map  2.  Wind/visibility/cloudiness 

BLACK  LINE  -  Percent  frequency  of  optimum  conditions:  Low  cloud  ceiling  (LCC)  15000  feet, 
(or  no  LCC),  visibility  15  nautical  miles  and  wind  11-21  knots. 

BLUE  LINE  -  Percent  frequency  of  poor  conditions.  Any  one  of  the  following  constitutes  poor 
conditions:  LCC  <300  feet,  visibility  <1  nautical  mile  or  wind  <6  or  134  knots. 

Albers  Equal-Area  Conic  Projection 


Graphs:  Precipitation  types 


Percent  frequency  of  precipitetion  by  type  and  intensity 
(S  -  slight,  M  -  moderate  and  H-  heavy). 

-  Number  of  observations. 

Bars  show  percent  frequency  of  observations 
reporting  Precipitation  of  various  types  and 
intensities. 

0  indicates  no  observations  in  the  category 

-  *  indicates  <.05%  but  >0. 

(4%  of  all  observations  recorded  moderate 
to  heavy  precipitation.) 


Present  weather  elements  that  can  be  reported  in  an  observation  are  thunderstorms,  lightning,  waterspouts,  squalls,  fog, 
haze,  smoke,  dust,  and  all  forms  of  precipitation.  Most  present  weather  codes  (ww  =  00-99,  see  table)  apply  to  phenomena  occur¬ 
ring  at  the  time  of  observation,  but  a  few  refer  to  phenomena  occurring  in  the  past  hour.  The  highest  applicable  numerical  ww 
code  figure  is  recorded  (except  that  code  17  has  preference  over  20  to  49,  inclusive).  Precipitation  includes  all  forms  of  water  par¬ 
ticles,  whether  liquid  or  solid,  that  fall  to  the  earth's  surface— rain,  drizzle,  snow,  snow  pellets,  snow  grains,  ice  crystals,  ice 
pellets,  and  hail.  Each  form  is  classified  by  its  character  (continuous,  intermittent,  showery,  or  combination),  intensity  (slight, 
moderate,  or  heavy),  and  type  (liquid,  freezing,  or  frozen).  In  this  study,  frozen  precipitation  is  defined  as  any  precipitation  that 
reaches  the  ground  in  frozen  form;  it  does  not  include  liquid  that  freezes  upon  impact  with  the  ground  or  exposed  objects.  Refer 
to  the  text  in  Set  1  for  additional  information  on  precipitation. 
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PRESENT  WEATHER  (WMO  Code,  1982) 


The  present  weather  (ww)  code  is  arranged  in  priority  order.  Reading  down  the  list,  select  the  first 
applicable  (most  severe)  weather  condition  that  you  observe  and  enter  the  code  number  for  ww. 


50-99  PRECIPITATION  AT  SHIP  AT  TIME  OF 
OBSERVATION 

95-99  THUNDERSTORM  AT  TIME  OF  OBSERVATION 

99  Heavy  thunderstorm  with  hail* 

98  Thunderstorm  with  duststorm  or  sandstorm 
97  Heavy  thunderstorm  with  rain  and/or  snow, 
but  no  hail* 

96  Slight  or  moderate  thunderstorm  with  hail* 

95  Slight  or  moderate  thunderstorm  with  rain  or 

snow  but  no  hail* 

‘includes  hail,  ice  pellets,  or  snow  pellets 

91-94  THUNDERSTORM  DURING  THE  PAST  HOUR  BUT 
NOT  AT  THE  TIME  OF  OBSERVATION 


Note:  Use  code  29  if  there  is  no  precipitation  at  time  of 
observation. 


94 

Moderate  or  heavy  snow,  or  rain 
and  snow  mixed,  or  hail* 

93 

Slight  snow,  or  rain  and  snow 

Thunderstorm 

mixed,  Or  hail*  j 

*  in  past 

92 

Moderate  or  heavy  ram  1 

hour 

91 

Slight  rain  1 

'includes  hail,  ice  pellets,  or  snow  pellets 


85-90  SOLID  PRECIPITATION  IN  SHOWERS 


Slight 

Moderate  or  Heavy 

89 

Shower  or  hail* .  no  thunder 

90 

87 

Shower  of  snow  pellets  or  ice  pellets! 

88 

85 

Shower  of  snow 

06 

tWith  or  without  ram.  or  rain  and  snow  mixed 
‘Include  hail,  ice  pellets,  or  snow  pellets 

80-84  RAIN  SHOWERS 

84  Shower  of  rain  and  snow  mixed,  moderate  or  heavy 

83  Shower  of  rain  and  snow  mixed,  slight 

82  Violent  rain  shower 
81  Moderate  or  heavy  rain  shower 

80  Slight  rain  shower 

70-79  SOLID  PRECIPITATION  NOT  FALLING  AS  SHOWERS 

79  Ice  pellets 

70  Isolated  star-like  snow  crystals(with  or  without  fog) 
77  Snow  grams  (with  or  without  fog) 

76  Diamond  dust  (with  or  without  fog) 


Intermittent  Continuous 


74 

Heavy  snow  in  flakes 

75 

72 

Moderate  snow  in  flakes 

73 

70 

Slight  snow  in  flakes 

71 

60-69  RAIN  (NOT  FALLING  AS  SHOWERS) 

Slight 

Moderate  or  Heavy 

65 

Rain  or  drizzle  with  snow 

69 

66 

Freezing  rain 

67 

Intermittent 

Continuous 

64 

Heavy  rain 

65 

62 

Moderate  rain 

63 

60 

Slight  rain 

61 

50-59  DRIZZLE 

Slight 

Moderate  or  heavy 

58 

Drizzle  and  rain  mixed 

59 

56 

Freezing  drizzle 

57 

Intermittent 

Continuous 

54 

Heavy  drizzle 

55 

52 

Moderate  drizzle 

53 

50 

Slight  drizzle 

51 

00-49  NO  PRECIPITATION  AT  SHIP  AT  TIME  OF 

OBSERVATION 

17 

Thunder  at  time  of  observation,  no  precipitation 
at  ship 

40-49  FOG  AT  TIME  OF  OBSERVATION 

(Visibility  in  fog  is  less  than  Vi  nautical  mile) 

Sky 

Sky 

visible  invisible 

48 

Fog.  depositing  rime 

49 

46 

Fog,  has  begun  or  thickened  in  past  hour 

47 

44 

Fog.  no  change  in  past  hour 

45 

42 

Fog.  has  become  thinner  in  past  hour 

43 

41 

Fog  in  patches 

40 

Fog  at  a  distance  but  not  at  ship  in  past  hour 

30-39  (Not  likely  to  be  used  in  ship  reports) 

Slight  or 

moderate  Heavy 

38  Blowing  snow,  high  (above  eye  level)  39 

36  Drifting  snow,  low  (below  eye  level)  '  37 


32  Duststorm  or  sandstorm,  mcreas/ng  35 

31  Duststorm  or  sandstorm,  unchanging  34 

30  Duststorm  or  sandstorm,  decreasing  33 

20-29  PHENOMENA  IN  PAST  HOUR  BUT  NOT  AT 
TIME  OF  OBSERVATION 

29  Thunderstorm,  with  or  without  precipitation 
28  Fog  (in  past  hour  but  not  at  time  of  obs.) 

27  Shower(s)  of  hail*,  or  of  hail*,  and  ram  mixed 

26  Shower(s)  of  snow,  or  of  rain  and  snow  mixed 

25  Shower(s)  of  rain 
24  Freezing  drizzle  or  freezing  ram 
23  Rain  and  snow  mixed,  or  ice  peilets 
22  Snow 

21  Rain  (not  freezing) 

20  Drizzle  (not  freezing)  or  snow  grams 

‘Includes  hail,  ice  pellets  or  snow  pellets 

18-19  SQUALLS,  FUNNEL  CLOUDS 

19  Funnel  cloud(s)  seen  in  past  hour  or  at  time  of  ops 
18  Squalls  (no  precip.)  in  past  hour  or  at  time  of  obs 

13-16  PHENOMENA  WITHIN  SIGHT  BUT  NOT  AT  SHIP 

16  Precip.  within  3  naut.  mi —reaching  surface 
15  Precip.  beyond  3  naut.  mi  — reaching  surlace 
14  Precipitation  in  sight,  not  reaching  surface 

13  Lightning  visible,  no  thunder  heard 

10-12  MIST  AND  SHALLOW  FOG  Fog  not 

12  Shallow  fog  — more  or  less  continuous  I  deeper 

11  Shallow  fog  m  patches  I  than  10  m 

10  Mist  (Visibility  v*  nautical  mile  or  more)  (33  feet > 

04  09  HAZE,  DUST.  SAND,  OR  SMOKE 

09  Duststorm  or  sandstorm  within  sight 
08  Dust  whirls  in  past  hour  (NOT  FOR  MARINE  USEi 

07  Blowing  spray  at  ship 

06  Widespread  dust  suspended  m  the  a>r 

05  Dry  haze 

04  Visibility  reduced  by  smoke 

00-03  CHANGE  OF  SKY  DURING  PAST  HOUR 

Code 

figs. 

03  Clouds  generally  forming  or  developing 
02  State  of  the  sky  on  the  whole  unchanged 
01  Clouds  dissolving  or  becoming  less  developed 

00  Cloud  development  not  observable 


)Not  falling 
as  showers 
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Map  3.  Ceiling/visibility  (low  range) 

BLACK  LINE  -  Percent  frequency  of  low  cloud  ceiling  (LCC)  <300  feet  and/or  visibility  <1  nautical 
mile. 

BLUE  LINE  -  Percent  frequency  of  LCC  <600  feet  and/or  visibility  <2  nautical  miles. 

Albers  Equal-Area  Conic  Projection 

Graphs:  Visibility/wind  direction 
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Number  of  observations. 

Curve  is  the  cumulative  percent  frequency  of  visibilities  less 
than  the  visibility  intersected  by  the  curve. 

-  -  -  -  ‘  (63%  of  all  visibilities  reported  were  <10  nautical 
miles.) 

The  table  below  the  graph  indicates  percent  frequency  of 
occurrence  of  visibility  <2  nautical  miles  versus  wind 
direction. 

+  indicates  <.6%  but  >0.  0  indicates  that  no  visibilities  <2 
nautical  miles  were  observed  with  winds  from  a  direction  or 
calm.  No  percentage  is  given  if  less  than  10  observations  were 
available  for  visibility  and  wind  direction.  An  asterisk 
indicates  that  the  percentage  was  based  on  10-30  observations 
of  visibility  and  wind  direction. 

-  -  -  (19%  of  all  S  winds  were  accompanied  by  visibilities 
<2  nautical  miles.) 


The  percent  frequency  of  visibilities  equal  to  or  greater  than  a  given  value  can  be  obtained  from  the  graph  by  subtracting  the 
cumulative  percent  frequency  of  that  value  from  100%.  Refer  to  the  text  in  Set  5  for  descriptive  information  on  visibility. 

Aircraft-type  ceilings  are  not  available  from  marine  observations.  The  ceilings  are  estimated  from  the  height  of  the  lowest 
cloud  when  low  clouds  (heights  of  less  than  8,000  feet)  cover  more  than  half  the  sky.  When  the  sky  is  totally  obscured  by  snow, 
rain,  fog,  or  other  phenomena,  the  total  obscuration  is  considered  a  ceiling  with  a  height  of  zero.  Refer  to  the  texts  in  Sets  4  and  6 
for  additional  information  on  clouds. 
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Map  4.  Ceiling/visibility  (mid  range) 

BLACK  LINE  -  Percent  frequency  of  low  cloud  ceiling  (LCC)  <1000  feet  and/or  visibility  <5  nautical 
miles. 

BLUE  LINE  -  Percent  frequency  of  LCC  <8000  feet  and/or  visibility  <10  nautical  miles. 


f  Graphs:  Low  cloud  ceiling/visibiiity 
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Percent  frequency  of  simulteneous  occurrence  of  specified 
low  cloud  ceiling  (hundreds  of  feet)  end  visibility 
(neutical  miles). 

-  Number  of  observations. 

Low  cloud  ceiling  heights  are  estimated  from  the  height  of 
low  clouds  (h)  when  low  cloud  amount  (Nh)  is  §5/8. 

Obscurations  are  included  under  ceiling  *0<1.5*. 

*NC*  (no  ceiling)  includes  bases  of  clouds  §8000  feet  or 
Nh  <5/8. 

.  (8%  of  all  observations  reported  ceiling  § 1000  feet 

but  <2000  feet  simultaneously  with  visibility  §5 
but  <10  nautical  miles). 

+  indicates  <.5%  but  >0. 
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Cloud  classification  is  based  upon  the  cloud  appearance  and,  when  possible,  the  formation  process.  In  estimating  the 
height  of  the  lowest  cloud  base  (h),  the  observer  first  determines  the  type  of  cloud;  and,  based  on  the  normal  height  range  for 
that  cloud  type,  determines  the  height.  Heights  are  generally  higher  !n  the  tropics  and  lower  at  high  latitudes.  Similarly,  clouds 
will  generally  be  higher  in  summer  and  lower  in  winter.  The  appearance  of  the  cloud,  such  as  motion  visible  in  the  cloud  base  and 
the  size  of  the  cloud  elements,  gives  some  indication  as  to  how  much  it  is  higher  or  lower  than  the  average.  After  the  observer 
estimates  the  height  of  the  base  of  the  lowest  cloud  in  sight,  he  selects  and  records  the  appropriate  code  (see  height  table  and 
LCC  column  in  graph).  Refer  to  the  texts  in  Sets  3  and  6  for  additional  information  on  clouds. 


Code 

HEIGHT  (h)  ABOVE  THE  SEA  OF  THE  BASE 

OF  THE  LOWEST  CLOUD  SEEN 
(WMO  Code,  1982) 

If  sky  is  clear  or  has  only  Cirrus-type  clouds,  code  h  as  9. 

tigs. 

Height  in  meters 

Height  in  teet 

0 

0  to  49 

100  or  less 

1 

50  to  99 

200  or  300 

2 

100  to  199 

400  to  600 

3 

200  to  299 

700  to  900 

4 

300  to  599 

1000  to  1900 

5 

600  to  999 

2000  to  3200 

6 

1000  to  1499 

3300  to  4900 

7 

1500  to  1999 

6000  to  6500 

8 

2000  to  2499 

6600  to  8200 

9 

/ 

2500  or  more,  or  no  clouds 

Sky  obscured  by  fog  or  snow 

8300  or  more,  or  no  clouds 
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Visibility  is  a  term  that  denotes  the  greatest  distance  from  an  observer  that  an  object  of  known  characteristics  can  be  seen 
and  identified  with  the  unaided  eye.  When  the  visibility  is  not  the  same  in  all  directions,  the  greatest  distance  common  to  one- 
half  or  more  of  the  horizon  circle  is  determined.  Visibilities  are  difficult  to  measure  at  sea  because  of  the  lack  of  reference 
points.  Climatically,  many  low  visibility  observations  probably  are  missed  because  the  observer  is  too  busy  with  other  duties 
(this  is  a  form  of  fair  weather  bias).  Also,  some  observers  seem  to  report  reduced  visibilities  at  night  because  of  darkness, 
though  this  tendency  has  abated  in  recent  years.  However,  the  coarseness  of  the  visibility  intervals  (see  code  table)  tends  to 
minimize  the  problem,  thereby  permitting  the  summarized  data  to  be  relatively  consistent.  Visibilities  greater  than  25  nautical 
miles  should  be  interpreted  cautiously  because  the  earth’s  curvature  makes  it  impossible  to  see  that  distance  horizontally  from 
the  bridge  of  most  ships. 
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510 

69.5 

510 

45.3 

510 

59.2 
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N= 
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_ 

Norheast  Cape 
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Capa  Romanzof 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 
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<.5 

3.7 

<.5 

3.4 

<.5 

2.6 

<.5 

8.4 

.5  <1 

4.  1 

.5  <1 

3.3 

.5  <1 

2.5 
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8.2 
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8.6 
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6.5 

2  <5 
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8.3 
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6.  1 

2  <5 
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5  <10 

40.3 

5  <10 

19.3 

5  <10 

23.6 

5  <10 

29.9 

510 

28.5 

510 

61.4 

510 

62.2 

510 

32.7  1 

N= 

8840 

N= 

20107 

N  = 

13990 

N= 

16381 
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King  Salmon 

Port  Haidan 
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z 
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z 
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z 
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<.5 
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.5  <1 

4.0  1 

1  <2 
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5.9  1 
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9.5 

2  <5 

12.9 

5  <10 

34.4 
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19.0 

5  <10 

19.0 
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38.7 

510 

35.9 
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67.  1 
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58.6 
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33.4 

N= 
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N= 

17374 

N= 
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N= 
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11.1 

510 

5.  1 

510 

19.7 
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March 


Norh«*at  Cap# 


ViSiS'LfTV  (NM) 


VISIBILITY  (NM) 

X 

<.5 

2.0 

.5  <1 

3.7 

1  <2 

5.0 

2  <5 

10.5 

5  <10 

16.3 

510 

62.5 

N= 

21334 

Cap#  N#w#nham 

Kin®  Salmon 

VlSlBlLlT  Y  (MM) 

x 

VISIBILITY  (MM) 

X 

<.5 

4.6 

<.5 

0.8 

.5  <1 

5.0 

.5  <1 

1  .5 

1  <2 

7.5 

1  <2 

2.9 

2  <5 

17.1 

2  <5 

6.0 

5  <10 

30.8 

5  <10 

16.8 

510 

35.0 

510 

72.0 

N  = 

19132 

N= 

18476 

St.  P«ul 

VISIBILITY  (NM) 

X 

<.5 

6.4 

.5  <1 

5.0 
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Nlkol'akoa 

Khatirka’In'Chukoi 

VS-BiltT  Y  (NM) 

% 

VISIBILITY  (NM) 

<.5 

8.4 

<.5 

.5  <1 

0.9 

.5  <1 

1  <2 

1 .9 

1  <2 

2  <5 

9.  1 

2  <5 

5  <10 

15.7 

5  <10 

$10 

64.0 
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6 

N  = 

57  10 
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3 
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N= 


5  Visibility  Thresholds 
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Nlkol'sko# 


Khatirka- In -Chukot 
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Noma 
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X 
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x 

<.5 
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1 .5 
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3.8 

.5  <1 

2.6 

1  <2 

6.8 

1  <2 

5.4 

2  <5 

14.6 

2  <5 

9.9 

5  <10 

30.  1 

5  <10 

16.5 
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40 . 7 
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64.  1 

N= 
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N= 
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Capo  Nowonham 

King  Salmon 

VISIBILITY  (NM) 

X 
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X 
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N= 
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N= 
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x 

<.5 

67.9 

<.5 

18.3 

.5  <1 

1 .8 

.5  <1 

9.0 

1  <2 

0.6 

1  <2 

9.4 

2  <5 

3.9 

2  <5 

18.  1 

5  <10 

9.2 

5  <10 

34.7 

510 

16.5 

510 

10.6 

N= 

2485 

N= 

10322 

Ugol'naja 


Buhta  Providanja 


U  i 


VISIBILITY  (NM) 

X 

VlSlBlUT  Y  (NM) 

X 

<.5 

10.9 

<.5 

4.6 

.5  <1 

1 .0 

.5  <1 

2.  1 

1  <2 

2.0 

1  <2 

10.6 

2  <5 

5.5 

2  <5 

12.6 

5  <10 

8.4 

5  <10 

12.0 

510 

72.3 

510 

58.  1 

N= 

4981 

N  = 

4458 

ilaklaat  Capo  Romanzof 


VISIBILITY  (NM)  X 


VISIBILITY  (:.m) 


X 


<.5 

0.5 

.5  <1 

0.7 

1  <2 

1  .4 

2  <5 

3.2 

5  <10 

12.1 

510 

82.2 

N= 

15878 

<.5 

5.  1 

.5  <1 

4 . 7 

1  <2 

3.8 

2  <5 

1 2.2 

5  <10 

31.7 

510 

42.6 

N= 

18733 

Port  Hoidon 

Cold  Bay 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

X 

<.5 

2.9 

<.5 

2.6 

.5  <1 

4.7 

.5  <1 

2.6 

1  <2 

3.5 

1  <2 

5.6 

2  <5 

9.5 

2  <5 

13.7 

5  <10 

10.5 

5  <10 

37.0 

510 

68.9 

510 

38.7 

N= 

1990 

N= 

13868 

lak 

Shamya 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

x 

<.5 

1 .8 

<.5 

28.2 

.5  <1 

2.4 

.5  <1 

11.1 

1  <2 

6.4 

1  <2 

10.6 

2  <5 

25.7 

2  <5 

15.6 

5  <10 

57.4 

5  <10 

21.8 

510 

6.3 

510 

12.6 

N= 

22117 

N= 

19082 

5  Visibility  Thresholds 


Marin*  Area  C 

|  Marine  Area  0 

VISIBILITY  (NM) 

% 

VISIBILITY  (NM) 

15.5 

<3 

1 

4.2 

.5  <1 

5.6 

1  <2 

13.7 

2  <5 

1 

28.0 

5  <10 

2 

33.0 

510 

2 

9363 

N= 

8 

)  W  (NM) 

X 

VV  (NM) 

5  1 

« 

22.1 

<.5 

15.01 

,5<t 

2.8 

.5  <1 

4.0* 

| 

1  <2 

5.0 

1  <2 

4.6 

2  <5 

10. C 

2  <5 

10.7 

5  <10 

21.1 

5  <10 

27.8 

510 

39.0 

510 

37.8 

N= 

1443 

M= 

698 

18.4  <3 

4.6  .5  <1 


5  <10  27.6, 

210  4-5.8, 

I  w-  164-3  i 


W  (NWO 

<3 
.5  <1 
1  <2 
2  <5 


17.91 

5.6\ 

6.9\ 

14.31 


5<S  ,2'?  2<5  15’6  2<5  14'1  I  29*  9  \  ^ 

»n  ??-35<’°  28-0  8<’0  29.9 U<10  -1  , 


VV  (MM) 

<.5 
.5  <1 
1  <2 
2  <5 


25.4 

2441 


20.8  <-5  18. 6 1 

6.6  .5  <1  6.0 

7.5  1  <2  6.3 

14.3  2  <6  14.0 

27.2  5  <10  28.0 

510  27..  1 

N=  6198 


VV  (NMl 

'7^5 


6.0  3^ 
6.3  1  1<2„ 


<3  l6-8\ 

><*  I*! 

1  <2  ^.6 

2 <5 


5  <10  29.8 

TPl  C. 


Nlkol'ako* 

Khetlrke- in -Chukot 

Upol’nal* 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

x 

<.5 

15.2 

<.5 

15.0 

<.5 

8.4 

.5  <1 

0.4 

.5  <1 

0.3 

.5  <1 

0.7 

1  <2 

2.5 

1  <2 

3.9 

1  <2 

3.2 

2  <5 

10.9 

2  <5 

10.6 

2  <5 

7  .  1 

5  <10 

15.  1 

5  <10 

9.5 

5  <10 

12.8 

510 

55.9 

510 

60.7 

510 

67.8 

N= 

5334 

N- 

3318 

N= 

4877 

Norheest  Cep# 

Nome 

Unelekloot 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

X 

<.5 

3.3 

<.5 

0.8 

<.5 

0.3 

.5  <1 

3.0 

.5  <1 

2.  1 

.5  <1 

0.6 

1  <2 

7.4 

1  <2 

5.  1 

1  <2 

1.6 

2  <5 

16.2 

2  <5 

10.7 

2  <5 

3.8 

5  <10 

32.4 

5  <10 

19.7 

5  <10 

15.5 

510 

37.7 

510 

61.5 

510 

78.3 

N= 

1 0877 

N- 

217Q9 

N— 

15788 

Cap*  Nawtnham 

king  Salmon 

Port  Heiden 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

z 

<.5 

4.0 

<.5 

2.5 

<.5 

3.6 

.5  <1 

5.0 

.5  <1 

1  .6 

.5  <1 

3.9 

1  <2 

7.2 

1  <2 

3.3 

1  <2 

4.0 

2  <5 

17.4 

2  <5 

8.7 

2  <5 

9.7 

5  <10 

24.4 

5  <10 

21.2 

5  <10 

11.8 

510 

42. 1 

510 

62.8 

510 

67.0 

N= 

20133 

N= 

18828 

N= 

2005 

Nikolski 

St.  Paul 

Adek 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

X 

VISIBILITY  (NM) 

X 

<.5 

58.5 

<.5 

13.0 

<.5 

1  .9 

.5  <1 

1 .5 

.5  <1 

7.9 

.5  <1 

2.2 

1  <2 

1  .  3 

1  <2 

8.5 

1  <2 

6.4 

2  <5 

3.8 

2  <5 

17.1 

2  <5 

25.4 

5  <10 

14.9 

5  <10 

41 .3 

5  <10 

58.  1 

510 

20.0 

510 

12.  1 

510 

6.0 

N= 

2476 

N= 

1  1089 

N= 

22130 

August 


5  Visibility  Thresholds 
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1 
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6.6  | 
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4.8  3 <1 

1  <2 

7.3| 

1  <2 

6.8 
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2  <5 

16.5  1 

2  <5 

16.7  2  <5 

5  <10 

25.7  1 

5  <10 

32.615  <10 

510 

28.9  1 

510 

25.41  510 

N= 

1885  : 

N= 

4686  1 

N= 

Marine  Area  O 

visibility  (Umi 

<.5 
.5  <1 
1  <2 
2  <5 

5  <10 
510 
N= 
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I  ^jSlg.kJT  Y  (|>  | 

<.5 
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4.7  .5  <1 

6.7  1 <2 


r.  I 

17.5 

4.5 

5.5 

12.8 


27.4 
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12.3  2  <5  12.8 

27.2  5  <10  29.2 
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6719  N=  8301 
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vv  <NM) 

<3 

15  <1 
1<2 
2  <5 
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N= 


16. 2\ 
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5  Visibility  Thresholds 


16 

.4 

4 

.8 

6 

.  7 

12. 

5 

29. 

4 

30. 

2 

8585 

Nikol'akoa 


Khatirka-ln-Chukot 


Ugol’naja 


Buhta  Providanja 


VISIBILITY  (NM) 

% 

VISIBILITY  (NM) 

% 

VISIBILITY  (NM) 

% 

VISIBILITY  (NM) 

<.5 

4.7 

<.5 

6.4 

<.5 

2.5 

<.5 

0.9 

.5  <1 

0.2 

.5  <1 

0.3 

.5  <1 

0.5 

.5  <1 

0 . 7 

1  <2 

0.9 

1  <2 

2.4 

1  <2 

2.  1 

1  <2 

3.6 

2  <5 

7.3 

2  <5 

7.9 

2  <5 

7.5 

2  <5 

8.7 

5  <10 

14.3 

5  <10 

6.3 

5  <10 

15.8 

5  <10 

13.9 

510 

72.5 

510 

76.8 

510 

71.6 

510 

72.  1 

N= 

5294 

N= 

3190 

N= 

4824 

N= 

4337 

Norhaaat  Cap* 

Noma 

Onalakiaat 

Capa  Romanzof 

VISIBILITY  (NM) 

Z 

VISIBILITY  (NM) 

% 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

<.5 

1  .  7 

<.5 

0.3 

<.5 

0.2 

<.5 

1  .  2 

.5  <1 

2.6 

.5  <1 

1 .0 

.5  <1 

0.2 

.5  <1 

2.5 

1  <2 

4.9 

1  <2 

2.4 

1  <2 

0.5 

1  <2 

3.2 

2  <5 

14.0 

2  <5 

7 .  1 

2  <5 

l  .5 

2  <5 

10.0 

5  <10 

37.9 

5  <10 

20.4 

5  <10 

15.5 

5  <10 

32.6 

510 

39.0 

510 

68.7 

510 

82.  1 

510 

50 . 6 

N= 

L 

10867 

N= 

21074 

N= 

15346 

N= 

18226 

Capa  Nawanham 

King  Salmon 

Port  Haidan 

Cold  Bay 

VlSIB'LlT  Y  (NM) 

Z 

VISIBILITY  (NM) 

% 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

<.5 

1 .0 

<.5 

1  .4 

<.5 

0.4 

<.5 

0.4 

.5  <1 

1 .8 

.5  <1 

0.5 

.5  <1 

0.6 

.5  <1 

i  .  2 

1  <2 

3.5 

1  <2 

1  .0 

1  <2 

1  .4 

1  <2 

3.8 

2  <5 

11.3 

2  <5 

4.2 

2  <5 

6.  1 

2  <5 

10.0 

5  <10 

29.5 

5  <10 

20.  1 

5  <10 

16.5 

5  <10 

44.0 

510 

53.0 

510 

72.8 

510 

74 . 9 

510 

40.5 

N= 

19786 

N= 

18216 

N= 

2103 

N= 

139  18 

Nlkoltki 

St.  Paul 

Adak 

Shemya 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

5 

<.5 

32.8 

<.5 

5.  1 

<.5 

0.3 

<.5 

5.3 

.5  <1 

0.9 

.5  <1 

3.5 

.5  <1 

1  .  3 

.5  <1 

4.3 

1  <2 

0.7 

1  <2 

4.6 

1  <2 

4.  1 

1  <2 

5.5 

2  <5 

4.7 

2  <5 

11.1 

2  <5 

21.0 

2  <5 

11.4 

5  <10 

23.3 

5  <10 

57.5 

5  <10 

65.8 

5  <10 

4  1.2 

510 

37.5 

510 

18.  1 

510 

7.5 

510 

32.3 

N= 

2382 

N= 

10315 

N= 

21505 

N= 

18936 

September 


5  Visibility  Thresholds 


11-127 


Nikol'skoa 

Khatirka-ln-Chukot 

Upol'naja 

Buhts  Providsnjs 

VISIBILITY  <nm> 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

<.5 

1  .4 

<3 

1 .3 

<.5 

4.  1 

<.5 

1  .2 

.5  <1 

0.5 

.5  <1 

1 .0 

.5  <1 

3.2 

.5  <1 

1  .4 

1  <2 

1  .  1 

1  <2 

2.2 

1  <2 

6.0 

1  <2 

4.  1 

2  <5 

5.9 

2  <5 

9.  1 

2  <5 

11.3 

2  <5 

8.8 

5  <10 

18.6 

5  <10 

5.5 

5  <10 

13.6 

5  <10 

19.6 

510 

72.5 

510 

80.9 

510 

61.8 

510 

65.  u 

N= 

5552 

N= 

355  1 

N= 

5148 

N= 

4556 

Norhaaat  Cap* 

Nome 

UniliklMi 

Caps  Romanzof 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

<.5 

1  .  3 

<.5 

0.7 

<.5 

0.6 

<.5 

2.3 

.5  <1 

1 .9 

.5  <1 

1  .5 

.5  <1 

1 . 0 

.5  <1 

3.8 

1  <2 

5.0 

1  <2 

2.8 

1  <2 

1  .4 

1  <2 

3.  1 

2  <5 

12.5 

2  <5 

7.4 

2  <5 

3.2 

2  <5 

9.2 

5  <10 

44 . 7 

5  <10 

20.5 

5  <10 

18.7 

5  <10 

33.6  ! 

5^0 

34.6 

510 

67  .  1 

510 

75. 2 

510 

47.9  j 

N= 

1  1097 

N= 

2  18  1  3 

N- 

15781 

N= 

18667 

i 

1 

Cap*  Nawanham 

King  Stlmon 

Port  Heiden 

Cold  Bay 

VISIBILITY  (NM) 

% 

VISIBILITY  (NM) 

z 

VISIBILITY"  (NM) 

n 

VISIBILITY  (NM) 

z 

<.5 

0.5 

<.5 

1  .  3 

<.5 

0.6 

<.5 

0.3 

.5  <1 

1  .8 

.5  <1 

1 .0 

.5  <1 

1 .2 

.5  <1 

0 . 7 

1  <2 

2.9 

1  <2 

1  .4 

1  <2 

1 .6 

1  <2 

1 .8 

2  <5 

11.0 

2  <5 

3.9 

2  <5 

5.9 

2  <5 

8.2 

5  <10 

34.7 

5  <10 

21.2 

5  <10 

17.1 

5  <10 

50.7 

510 

49.0 

510 

7  1.3 

510 

73.6 

510 

38. 3 

N  = 

20546 

N= 

1884  7 

N= 

2043 

N= 

14380 

Nikolski 

St.  Paul 

Adtk 

Shemye 

VlSl  BlL‘T  Y  f  NM) 

z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

Z 

ViSlB'LiT  Y  (NM) 

z 

<.5 

10.6 

<.5 

0.8 

<.5 

0.2 

<.5 

1  .5 

.5  <1 

0.7 

.5  <1 

1.2 

.5  <1 

0.5 

.5  <1 

2 .  i 

1  <2 

0.4 

1  <2 

2.3 

1  <2 

2.8 

1  <2 

3.8 

2  <5 

6.3 

2  <5 

9.4 

2  <5 

16.0 

2  <5 

11.4 

5  <10 

35.9 

5  <10 

67.6 

5  <10 

72.9 

5  <10 

49.6 

510 

46  .  1 

510 

18.6 

510 

7.6 

510 

31.5 

N= 

2462 

N= 

11311 

N= 

22271 

N= 

19588 

October 


5  Visibility  Thresholds 
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5  Visibility  Thresholds 


October 


Nlkol’ekoe 

Khetirke-ln-Chukot 

Ugol’naja 

Buhte  Providenje 

visibility  (NW) 
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z 

VISIBILITY  (NM) 

z 

VISIBILITY  (NM) 

z 

<.5 

2.2 

<.5 

4.  1 

<.5 

12.4 

<.5 

2.1 

.5  <1 

1 .5 

.5  <1 

2.5 

.5  <1 

6.7 

.5  <1 

3.6 

1  <2 

3.3 

1  <2 

5.4 

1  <2 

9.2 

1  <2 

7.8 

2  <5 

9.  1 

2  <5 

8.8 

2  <5 

13.5 

2  <5 

13.2 

5  <10 

17.4 

5  <10 

6.5 

5  <10 

13.1 

5  <10 

18.  1 

510 

66.5 

510 

72.8 

510 

45.0 
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Map  6.  Cloud  amount 

BLACK  LINE  -  Percent  frequency  of  total  cloud  amount  <2/8. 

BLUE  LINE  -  Percent  frequency  of  low  cloud  amount  §5/8. 

Albers  Equal-Area  Conic  Projection 

Graphs:  Cloud  cover/wind  direction 

Cumulative  percent  frequency  of  indicated  cloud  amount  equal  to  or  less 
than  the  amount  intersected  by  the  curve. 


Total  Cloud  Amount 
Low  Cloud  Amount 


cloud  amount  in  eighths 


-  ■  Obscurations. 


_ - (78 %  of  all  total  cloud  amounts  wore  §7/8.) 

—  (67%  of  all  low  cloud  amounts  were  §4/8.) 


5/8  & 
6/8 

27/S 


Low  cloud  amount:  Percent  frequency  of  observations 
from  each  direction  and  calm  that  were  accompanied 
by  low  cloud  amounts  §5/8  and  §7/8  (including  ob¬ 
scurations).  Low  clouds  are  clouds  with  bases  <8000  feet. 


, - (29%  of  all  SE  winds  were  accompanied  by  low  cloud 

amounts  §5/8  and  12%  by  low  cloud  amounts  § 7/8  ) 

An  asterisk  indicates  that  the  percentage  is  based  on 
10-30  observations  of  wind  direction,  total  and  low 
cloud  amount.  0  replaces  bar  graph  when  no  low  cloud 
amounts  §5/8  were  observed  with  a  wind  direction  or 
calm.  0  or  bar  is  omitted  when  number  of  observations 
of  total  and  low  cloud  amount  from  a  wind  direction 
or  calm  is  less  than  10. 

=  >  Number  of  total  cloud  (TO  and  low  cloud  (LC)  observations. 


A  survey  of  the  cloud  data  (total  and  low  cloud  amounts)  from  the  marine  data  base  shows  the  number  of  total  cloud  reports 
significantly  greater  than  that  of  low  cloud  amounts.  This  is  because  many  of  the  early  marine  observations  contain  only  total 
cloud  amounts.  Therefore,  somewhat  different  samples  may  be  used  to  compute  the  two  curves  on  the  graph.  This  may  lead  to 
inconsistencies  where  the  low  cloud  amount  appears  higher  than  the  total  cloud  amount.  Where  this  occurred,  the  graph  was 
adjusted  in  favor  of  the  total  cloud  by  making  the  curves  coincide.  The  frequency  of  obscured  conditions  may  be  determined 
from  the  graph  by  subtracting  the  cumulative  percent  frequency  on  the  curve  corresponding  to  8/8  coverage  from  100%.  In  com¬ 
puting  the  bar  graph,  obscurations  are  considered  as  8/8  coverage. 

For  the  two  isopleth  presentations  (total  cloud  amount  <.2/8  and  low  cloud  amount  >.5/8),  only  those  observations  reporting 
both  total  and  low  cloud  amounts  were  summarized.  This  helps  eliminate  problems  introduced  as  a  result  of  different  size  data 
sets.  A  comparison  of  total  cloud  analyses  based  on  satellite  data  by  the  U.S.  Department  of  Commerce  and  U.S.  Air  Force  (1971) 
shows  a  fairly  close  agreement  with,  and  bolsters  the  confidence  in,  the  marine  cloud  statistics  presented  in  this  atlas.  Refer  to 
the  texts  in  Sets  3  and  4  for  additional  information  on  clouds. 
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Map  7.  Air  temperature  extremes  (°C) 

BLACK  LINE  -  Maximum  (99%)  air  temperature  (1%  of  temperatures  were  greater  than  the 
given  value). 

BLUE  LINE  -  Minimum  (1%)  air  temperature  (1%  of  temperatures  were  equal  to  or  less  than 
the  given  value). 

Albers  Equal-Area  Conic  Projection 


Graphs:  Air  temperature/wind  speed 
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Percent  frequency  of  simultaneous  occurrence  of  specified 
temperature  (°C)  and  wind  speed  (knots). 

Number  of  observations. 

- (2%  of  all  observations  reported  temperature  6-7°C 

simultaneously  with  wind  speed  of  22-33  knots.) 

+  Indicates  <  5%  but  >0. 


Air  temperature  is  one  of  the  elements  most  frequently  observed  by  mariners.  On  many  ships,  the  heating  effect  of  the 
ship’s  structure  has  a  tendency  to  produce  higher  than  actual  ambient  air  temperature  readings  because  of  instrument  ex¬ 
posure.  This  is  especially  true  under  calm,  sunny  conditions.  Despite  the  inaccuracies,  the  large-scale  patterns  and  mean  gra¬ 
dients  of  the  isopieth  analyses  are  relatively  accurate. 

The  temperature  scale  of  the  graphs  varies  in  both  range  and  class  interval.  The  graph  can  be  used  to  determine  the  extent 
of  human  discomfort  from  the  combined  effects  of  extreme  heat  or  cold  and  winds,  or  to  estimate  the  likelihood  of  superstruc¬ 
ture  icing.  Refer  to  Section  I  of  this  atlas  for  detailed  information  on  superstructure  icing  and  wind  chill. 
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Map  8.  Air  temperature  mean  and  frequency  ^0°C 

BLACK  LINE  -  Mean  air  temperature  (°C). 

BLUE  LINE  -  Percent  frequency  of  temperature  ^0°C  (^32°F). 

Albers  Equal-Area  Conic  Projection 


Graphs:  Air  temperature/wind  direction 


^  Cumulative  percent  frequency  of  temperatures  equal 
to  or  less  than  the  temperature  intersected  by  the  curve. 

-  Number  of  observations. 

Mean  temperature  (°C). 

-  Standard  deviation  of  temperatures  (°C). 

- (60%  of  all  temperatures  were  <0.9  °C  or  §33. 6  °F.) 

Mean  temperature  for  each  wind  direction,  calm  and  for  all  data 
combined  are  represented  by  dots. 

-  (With  S  winds,  the  mean  temperature  was  2. 1  °C  or 
35.8  °F.) 

o  Indicates  that  the  mean  temperature  for  a  direction  or  calm  was 
computed  from  10-30  observations. 

The  mean  temperature  is  omitted  when  less  than  10  observations 
for  a  direction  or  calm  were  available. 

-  Maximum  and  minimum  air  temperature. 


The  temperature  scale  of  the  graphs  varies  in  both  range  and  class  interval.  The  percent  frequency  of  temperature  observa¬ 
tions  greater  than  a  given  value  can  be  obtained  by  subtracting  the  cumulative  percent  frequency  of  that  value  from  100%.  The 
number  of  observations  and  the  standard  deviation,  plus  the  plotted  points  on  the  graphs,  are  based  on  those  observations 
reporting  both  temperature  and  wind  direction.  The  cumulative  curve  is  based  on  all  observations  reporting  temperature  with  or 
without  wind  direction. 
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Map  9.  Dew  point  temperature  extremes  (°C) 

BLACK  LINE  -  Maximum  (99%)  dew  point  temperature  (1%  of  temperatures  were  greater  than 
the  given  value). 

BLUE  LINE  -  Minimum  (1%)  dew  point  temperature  (1%  of  temperatures  were  equal  to  or  less 
than  the  given  value). 

Albers  Equal-Area  Conic  Projection 

Graphs:  Wet  bulb/relative  humidity 


WET  BULB  <°C,  SOLID  CURVE) 


RELATIVE  HUMIDITY  (%) 


Number  of  observations. 


Cumulative  percent  frequency  of  wet-bulb  temperatures 
equal  to  or  less  than  the  temperature  intersected  by  the 
curve  (top  scale). 


Wet  bulb  (°C). 


- (80%  of  all  observed  wet-bulb  temperatures  were 

§t0.8°C  or  51.4° F.) 

Cumulative  percent  frequency  of  relative  humidities  equal 
to  or  less  than  the  humidity  intersected  by  the  curve 
(bottom  scale). 


Relative  humidity(%). 


'  ■  -  -  (50%  of  all  observed  relative  humidities  were  S91%.) 


The  observation  count  for  the  graph  reflects  those  observations  containing  both  dry  and  wet  bulb  temperatures;  both  are  i 
quired  in  computing  the  relative  humidity.  The  percentage  of  observations  of  either  element  greater  than  a  given  value  can  b 
obtained  from  the  graph  by  subtracting  the  cumulative  percent  frequency  of  that  value  from  100%. 
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Map  10.  Mean  sea  level  pressure  and  vector  mean  wind 

BLACK  LINE  -  Mean  sea  level  pressure  (millibars). 

Direction  of  flow  toward  station  dot;  vector  magnitude  in 
knots  (example:  vector  mean  wind  is  from  northeast  at 
10.2  knots  or  11.7  mph). 

Albers  Equal-Area  Conic  Projection 

Graphs:  Sea  level  pressure 


-  -  Number  of  observations. 

-  Mean  sea  level  pressure  (mbs). 

-  Standard  deviation  of  pressure  (mbs). 


Cumulative  percent  frequency  of  sea  level  pressures 
equal  to  or  less  than  the  pressure  intersected  by  the 
curve. 


(60%  of  all  observed  sea  level  pressures  were 
g  10 14.1  millibars.) 


■  Minimum  and  maximum  sea  level  pressures. 


Sea  level  pressure  is  one  of  the  most  frequently  recorded  elements,  but  one  of  the  least  accurate  because  of  instrumei 
calibration  and  coding  errors.  Despite  the  inaccuracies  of  the  individual  readings,  the  large-scale  patterns  and  mean  gradien 
of  the  isopleth  analyses  are  relatively  accurate.  The  percentage  of  sea  level  pressure  observations  greater  than  a  given  value  a 
be  obtained  from  the  graph  by  subtracting  the  cumulative  percent  frequency  of  that  value  from  100%. 

In  areas  of  high  persistence  (also  called  constancy,  steadiness)  of  direction,  the  magnitude  of  the  vector  mean  wind  (Set  1 
should  closely  approach  that  of  the  scalar  mean  wind  (Set  13). 
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Map  11.  Wind  speed  ^10  and  ^34  knots 

BLACK  LINE  -  Percent  frequency  of  wind  speed  ^10  knots  (^12  mph). 
BLUE  LINE  -  Percent  frequency  of  wind  speed  ^34  knots  (^39  mph). 
Albers  Equal-Area  Conic  Projection 

Graphs:  Wind  speed/direction 


Direction  frequency  (top  scale):  Bars  represent  percent  frequency  of  winds  observed  from  each  direction. 
Speed  frequency  (bottom  scale):  Printed  figures  represent  percent  frequency  of  wind  speeds  observed  from 
each  direction. 


0  10.-20  30  40  50  60  70  80  90  100 


WIND  SPEED  (KNOTS) 


■ - (4%  of  all  winds  were  from  the  N.) 

-  4  indicates  <.6%  but  >0. 

- (1%  of  ell  winds  were  from  the  S  with  a  speed  22-27  knots.) 

-  The  scalar  mean  speed  was  9.4  knots. 

-  -  Number  of  observations. 

. . - (1%  of  winds  from  all  directions  had  wind  speed  ^48  knots.) 

WIND  SPEED  INTERVAL  (KNOTS) 

|  0-3  |  4-6  |  7-10  |  11-16  |  17-21  |22-27|28-33|34-40|41-47|  S48  | 

0  4  7  11  17  22  28  34  41  48+ 

Printed  scale  on  bottom  of  chort 


The  scalar  mean  wind  speed  on  the  graph  is  based  on  the  number  of  observations  reporting  a  wind  speed  with  direction.  The 
sum  of  the  TOTAL  line  provides  the  cumulative  percent  frequency  of  wind  speed  below  a  selected  threshold  vaiue.  In  the  legend 
graph,  71%  of  all  winds  were  less  than  17  knots  (20  mph).  The  sum  of  the  percent  frequencies  of  the  four  wind  speed  isopleths 
for  a  given  month  and  location  on  Map  Sets  11  and  12  should  equal  100%. 

Surface  wind  is  one  of  the  most  commonly  observed  elements.  Many  of  the  observations  from  the  NCDC  data  base  are 
visual  observations  based  on  the  roughness  of  the  sea  (see  table  in  text  of  Set  14).  In  recent  years,  more  ships  acquired 
anemometers  and  reported  measured  winds.  Prior  to  1963,  many  of  the  winds  were  recorded  in  the  Beaufort  scale;  such 
estimates  have  proven  to  be  quite  reliable  and  can  be  used  with  a  high  degree  of  confidence. 
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Map  12.  Wind  speed  11-21  and  22-33  knots 

BLACK  LINE  -  Percent  frequency  of  wind  speed  11-21  knots. 
BLUE  LINE  -  Percent  frequency  of  wind  speed  22-33  knots. 

Albers  Equal-Area  Conic  Projection 


Graphs:  Wind  direction/diurnal  variation 


WIND  DIRECTION 


Number  of  observations. 


Bars  show  percent  frequency  of  wind 
direction  (8  pts.)  by  hour  (GMT  and 
Local  Time).  Data  are  based  on  100% 
for  each  hour-group. 


.  -  *  indicates  <.05%  but  >0. 

-  -  0  indicates  no  observations  in  the 
category. 


_ (22%  of  the  wind  observations  for 

the  hours  18  and  21  GMT  (13  and 
16  Local  Time)  had  a  direction  from 
the  northwest.) 


The  historical  marine  data  file  at  the  NCDC  is  made  up  of  data  collected  and  recorded  since  1854  in  several  different  units  of 
measurement.  Wind  direction  has  been  recorded  over  the  years  in  the  16-,  32-,  and  36-point  scale.  A  reduced  biasing  system  was 
employed  in  converting  wind  direction  to  the  8-point  scale  used  in  this  atlas.  This  method  attached  weighting  values  to  observa¬ 
tions  which  overlap  two  different  8-point  sectors  and  treats  them  as  "fractional  observation  counts.” 
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Map  13.  Scalar  mean  wind  speed  and  wind  chill  temperature  ^-30°C 


11-317 


BLACK  LINE  -  Mean  scalar  wind  speed  (knots). 

BLUE  LINE  -  Percent  frequency  of  wind  chill  temperature  ^-30°C  (^-22°F). 


Albers  Equal-Area  Conic  Projection 


Graphs:  Wind  speed/diurnal  variation 


—  Number  of  observations. 

'  -  -  Mean  scalar  wind  speed  (knots)  for  all  3-hourly  observations. 


Mean  wind  speed  (knots)  by  hour  (GMT  and 
Local  Time). 


I The  mean  wind  speed  for  the  hour  21  GMT 
(10  Local)  was  20  knots.) 


GMT  00  03  06  09  >2  15  18  21  00  ALL 

LOCAL  13  16  19  22  01  04  07  10  13 


In  areas  of  high  persistence  (also  called  constancy,  steadiness)  of  direction,  the  magnitude  of  the  vector  mean  wind  (Set  10) 
should  closely  approach  that  of  the  scalar  mean  wind  (set  13).  As  most  of  the  marine  observations  are  recorded  at  six-hour  inter¬ 
vals  (00, 06, 12, 18  GMT),  intermediate  hours  (03, 09, 15,  21  GMT)  were  not  plotted  on  the  graphs  for  the  marine  areas.  Intermediate 
hours  were  plotted  for  the  stations,  but  users  should  use  caution  in  interpreting  plots  for  those  few  stations  that  reported  less 
than  eight  observations  per  day— see  the  data  inventory  in  the  introductory  text  for  Section  II. 
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Map  14.  Wind  speed  and  direction 

ROSE  -  Percent  frequency  of  wind  observations  by  direction  (8-points). 


Albers  Equal-Area  Conic  Projection 


Wind  is  measured  in  terms  of  velocity,  a  vector  that  gives  both  wind  speed  and  direction.  True  wind  is  the  wine  that  is  ex¬ 
perienced  by  an  observer  standing  still.  When  the  ship  is  moving,  an  observer  experiences  what  is  termed  an  apparent  wind.  The 
speed  and  course  of  the  ship  must  be  eliminated  from  the  apparent  wind  to  obtain  the  true  wind,  which  is  needed  for 
meteorological  purposes.  Wind  estimated  from  the  appearance  of  the  sea  surface  is  a  true  wind,  while  wind  determined  by  the 
appearance  of  the  ship's  rigging  or  by  a  shipboard  anemometer  is  an  apparent  wind.  True  wind  direction  may  be  estimated  by 
observing  the  direction  from  which  ripples,  small  waves,  and  sea  spray  are  coming,  since  they  run  with  the  wind.  The  direction 
from  which  the  waves  are  coming  is  most  easily  found  by  sighting  along  the  wave  crests  and  then  turning  90°  to  face  the  advanc¬ 
ing  waves.  The  observer  is  then  facing  the  direction  from  which  the  waves  are  coming.  The  direction  is  determined  to  the  nearest 
10°  with  respect  to  true  north.  The  true  wind  speed  is  the  average  speed  of  the  wind  blowing  near  the  sea  surface.  Information  in 
the  following  table  is  used  to  estimate  the  true  wind  speed  based  upon  the  condition  of  the  sea  surface.  Refer  to  the  text  in 
Set  11  for  additional  descriptive  information  on  winds. 
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WIND  SPEED  IN  KNOTS  (WMO  Code,  1982) 


This  table  is  based  on  sea  conditions  ov'  deep  water  with  a  fully  developed  sea.  There  will  be  frequent  cases  where  the  sea  will  not 
be  fully  developed  bacause  the  wind  has  not  blown  long  enough  over  a  sufficient  distance  (fetch).  Other  factors  such  as  currents  and 
water  depth  will  also  affect  the  look  of  the  sea. 


Code  figs. 
(Knots) 

Beaufort 

Description 

Sea  criterion  when  sea  fully  developed 

Probable  hL  of  waves  in  m  (ft) 
Average  Maximum 

00 

0 

Calm 

Sea  like  a  mirror . 

- 

- 

01-03 

1 

Light  air 

Ripples  with  the  appearance  of  scales  are  formed,  but 
without  foam  crests . 

0.1 

0.1 

(’*) 

04-06 

2 

Ligi.t  breeze 

Small  wavelets,  still  short  but  more  pronounced,  crests 
have  a  glassy  appearance  and  do  not  break . 

0.2 

(V*) 

0.3 

(D 

07-10 

3 

Gentle  breeze 

Large  wavelets;  crests  begin  to  break;  foam  of  glassy 
appearance;  perhaps  scattered  white  horses . 

0.6 

(2) 

1 

(3) 

11-16 

4 

Moderate  breeze 

Small  waves,  becoming  longer;  fairly  frequent  white 
horses . 

1 

(3  V* ) 

1.5 

(5) 

17-21 

5 

Fresh  breeze 

Moderate  waves,  taking  a  more  pronounced  long  form: 
many  white  horses  are  formed  (chance  of  some  spray)  .  . 

2 

(6) 

2.5 

(8  ’?) 

22-27 

6 

Strong  breeze 

Large  waves  begin  to  form;  white  foam  crests  are  more 
extensive  everywhere  (probably  some  spray) . 

3 

<9'-i) 

4 

(13) 

28-33 

7 

Near  gale 

Sea  heaps  up  and  white  foam  from  breaking  waves 
begins  to  be  blown  in  streaks  along  the  direction  of  the 
wind . 

4 

<13vil 

55 

(19) 

34-40 

8 

Gale 

Moderately  high  waves  of  greater  length:  edges  of 
crests  begin  to  break  into  the  spindrift;  the  foam  is 
blown  in  well-marked  streaks  along  the  direction  of  the 
wind . 

55 

(18) 

7.5 

(25) 

41-47 

9 

Strong  gale 

High  waves:  dense  streaks  of  foam  along  the  direction 
of  the  wind;  crests  of  waves  begin  to  topple,  tumble  and 
roll  over:  spray  may  affect  visibility . 

7 

(23) 

10 

(32) 

48-55 

10 

Storm 

Very  high  waves  with  long  overhanging  crests;  the 
resulting  foam,  in  great  patches,  is  blown  in  dense  white 
streaks  along  the  direction  of  the  wind;  on  the  whole,  the 
surface  of  the  sea  takes  on  a  white  appearance;  tumbl¬ 
ing  of  (he  sea  becomes  heavy  and  shock-like;  visibility 
affected . 

9 

(29) 

12.5 

(41) 

58-63 

11 

Violent  Storm 

Exceptionally  high  waves  (small  and  medium-sized 
ships  might  be  for  a  time  lost  to  view  behind  the  waves); 
the  sea  is  completely  covered  with  long  white  patches  of 
foam  lying  along  the  direction  of  the  wind:  everywhere 
the  edges  of  the  wave  crests  are  blown  into  froth, 
visibility  affected . 

11.5 

(37) 

16 

(52) 

64  and  over 

12 

Hurricane 

The  air  is  filled  with  foam  and  spray;  sea  completely 
white  with  driving  spray:  visibility  very  seriously  affected 

14 

(45) 

XX 

Note:  For  winds  over  99  knots,  add  50  to  dd  (direction)  and  enter  the  tens  and  units  digits  of  the  wind  speed  for  ff;  e.g.  for  a  wind 
from  100°  true  at  125  knc.s,  dd  =  60,  and  ff  =  25. 
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14  Wind  Speed  and  Direction 
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14  Wind  Speed  and  Direction 


December 


Map  15.  Fog  and  poor  visibility 

BLACK  LINE  -  Percent  frequency  of  visibility  <1/2  nautical  mile. 

BLUE  LINE  -  Percent  frequency  of  fog  occurring  without  precipitation. 


Albers  Equal-Area  Conic  Projection 


Graphs:  Fog/time  and  fog/wind  direction 


5530*- 


Number  of  observations. 


Bar  graphs  represent  percent  frequency  of  fog  (without 
precipitation)  for  various  hour  groupings  and  wind  directions. 
Data  are  based  on  100%  for  each  hour-group  and  direction 
category. 

,  -  -  •  *  indicates  <  05%  but  >0. 

. -  0  indicates  no  fog  occurred  with  the  wind  direction. 

. (Data  show  that  V%  of  all  NW  winds  were 
- ' '  accompanied  by  Fog  (without  precipitation ).) 


Fog  is  composed  of  minute  droplets  suspended  in  the  atmosphere  near  the  earth’s  surface  which  have  no  visible  downward 
motion  (fog  is  a  stratus  cloud  on  the  surface).  Fog  is  distinguished  from  haze  (suspended  dust  or  salt  particles,  yellowish  or  blue 
in  color)  by  its  dampness  and  grey  color;  also  its  restriction  of  visibility  (less  than  one-half  nautical  mile)  if  deeper  than  33  feet,  a 
height  considered  average  for  the  observer  above  the  sea  surface  while  standing  on  the  bridge  of  a  ship  (WMO  code).  Fog  rarely 
exists  when  the  difference  between  the  air  and  dew  point  temperatures  is  more  than  2.5  °C.  Present  weather  coding  of  fog  in  the 
marine  observation  is  restricted  to  reporting  of  fog  only  when  no  precipitation  is  occurring  at  the  time  of  observation  (see  pre¬ 
sent  weather  code  table  in  the  text  of  Set  2).  Therefore,  determination  of  occurrences  of  either  fog.with  precipitation  or  all  fog  is 
not  possible.  The  isopleth  presentation  (BLACK  LINE)  of  visibility  less  than  one-half  nautical  mile,  includes  restrictions  to 
visibility  due  to  any  weather  phenomena;  i.e.,  fog,  precipitation,  dust,  smoke,  etc. 
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15  Fog-Time  and  Fog-Wind  Directioi 


15  Fog-Time  and  Fog-Wind  Direction 


October 


15  Fog-Time  and  Fog-Wind  Direction 


15  Fog  and  Poor  Visibility 


December 
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Map  16.  Sea  surface  temperature  extremes  (°C) 

BLACK  LINE  -  Maximum  (99%)  sea  surface  temperature  (1%  of  the  temperatures  were  greater 
than  the  given  value). 

BLUE  LINE  -  Minimum  (1%)  sea  surface  temperature  (1%  of  the  temperatures  were  equal  to  or 
less  than  the  given  value). 

Albers  Equal-Area  Conic  Projection 

Graphs:  Fog/air-sea  temperature  difference 


PERCENT  FREQUENCY  OF  THE  OCCURRENCE  OF  FOG  (Without 
Precipitation)  VERSUS  AIR-SEA  TEMPERATURE  DIFFERENCE  (°C) 


3065  ■* - 


AIR  COOLER  than  SEA  (*C)  I  AIR  WARMER  THAN  SEA  <°C) 


-  -  Number  of  observations. 

Bars  show  the  percentage  of  observations  with 
Fog  (without  Precipitation)  for  each  Air-Sea 
temperature  difference  category.  Plotted  numbers 
indicate  the  percentage  of  observations  in  each 
Air-Sea  temperature  difference  category. 


~ '  (22.7%  of  all  observations  had  air~saa 
temperature  difference  of  +7  °C.) 

(19%  of  all  observations  with  air-sea 
temperature  difference  of  +1  °C  were 
accompanied  by  fog  (without  precipitation). I 

*  indicates  <.05%  but  >0. 


-  -  0  indicates  no  fog  with  the  air-sea 
temperature  difference  category. 


Sea  surface  temperatures  are  recorded  with  a  fairly  high  frequency  in  marine  observations.  The  principal  methods  for  obser¬ 
ving  the  temperature  of  the  water  surface  on  merchant  ships  are  by  either  a  fluid  thermometer  located  in  the  condenser  intake  of 
the  ship  or  a  thermometer  immersed  in  a  freshly-drawn  bucket  of  surface  water.  While  the  intake  method  is  commonly  used  on 
most  merchant  ships  today,  the  bucket  method  was  the  most  common  a  half  century  ago.  Injection  temperatures  are  not  con¬ 
sidered  as  representative  of  the  surface  temperature  as  bucket  readings  because  the  injectors  are  commonly  located  well  below 
the  water  surface  at  depths  of  5  to  20  meters  depending  on  the  size  of  the  ship.  Injection  temperatures  are  also  subject  to  varying 
errors  due  to  heating  caused  by  the  ship.  Bucket  temperatures  can  also  be  biased  by  the  air  temperature  or  the  bucket  itself. 

Even  though  the  two  methods  produce  slightly  different  results,  the  data  can  be  used  with  considerable  confidence.  The 
isopleths  representing  extreme  conditions  show  the  maximum  (99%)  and  the  minimum  (1%)  levels  of  sea  surface  temperature. 
Gradients  and  relative  values  of  the  isopleths  are  considered  reliable. 


16  Legend 


Legend  16 


January 


16  Fog  and  Air>Sea  Temperature  Difference 
Sea  Surface  Temperature  Extremes 


16  Fog  and  Air-Sea  Temperature  Difference 
Sea  Surface  Temperature  Extremes 
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September 
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Map  17.  Mean  sea  surface  temperature  and  ice  concentration  of  any  kind. 

BLACK  LINE  -  Mean  sea  surface  temperature  (°C). 

BLUE  LINE  -  Percent  frequency  of  occurrence  of  ice  of  any  kind. 

Albers  Equal-Area  Conic  Projection 

Graphs:  Sea  surface  temperature 


Number  of  observations. 

Mean  sea  surface  temperature  (°C). 

Standard  deviation  of  sea  surface  temperatures  (°C) 

Cumulative  percent  frequency  of  sea  surface  temperatures 
equal  to  or  less  than  the  temperature  intersected  by  the 
curve. 

'  -  -  —  (70%  of  all  observed  see  surface  temperatures  were 
*3.5  °C  or  * 38.3  °F.) 


_ .  Maximum  and  minimum  sea  surface  temperature. 
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The  percentage  of  temperatures  greater  than  a  given  value  can  be  obtained  from  the  graph  by  subtracting  the  cumulative 
frequency  of  that  value  from  100%.  Sea  surface  temperatures  may  be  used  to  estimate  the  length  of  time  a  person  in  ordinary 
clothes  and  life  preserver  may  be  expected  to  survive  if  washed  overboard.  The  approximate  survival  time  as  a  function  of  water 

following  table  (refer  to  the  text  in  Section  I  of  the  atlas  for  information  on  immersion  hypothermia, 
in  Section  II  for  sea  ice  information). 


\ 


temperature  is  shown  in  the 
and  to  the  introductory  text 


Water 

Temperature 

Exhaustion  or 
Unconsciousness 

Expected  time 
of  Survival 

0“C 

15  min 

15 — 45  min 

0“— 5“C 

15—30  min 

30 — 90  min 

5° — 10°C 

30 — 60  min 

1 — 3  hours 

10°— 15°C 

1—2  hours 

1 — 6  hours 

15“— 20  °C 

2—7  hours 

2 — 40  hours 

20° — 25°C 

3—12  hours 

3— indefinite  hrs 

25  “C 

Indefinite 

Indefinite 
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January  17  Sea  Surface  Temperature 

Mean  Sea  Surface  Temperature  and  Ice  of  Any  Kind 


March  17  Sea  Surface  Temperature 

Mean  Sea  Surface  Temperature  and  Ice  of  Any  Kind 


17  Sea  Surface  Temperature 

Mean  Sea  Surface  Temperature  and  Ice  of  Any  Kind 
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Map  18.  Wave  height  ^3  feet  and  ice  concentration  ^5/10ths 

BLACK  LINE  -  Percent  frequency  of  wave  height  $3  feet  (1  meter). 

BLUE  LINE  -  Percent  frequency  of  ice  concentrafion  :=5/10ths. 

Albers  Equal-Area  Conic  Projection 

Graphs:  Wave  height/wind  speed 

Wind  speed  frequency:  Bars  are  percentages  for  each  wind  speed  category. 

Wave  height  frequency:  Numbers  are  percentages  of  wave  height  for  various  wind  speeds. 

- Number  of  observations. 

Scalar  mean  wind  speed  (knots). 

Mean  wave  height  (meters). 

-  +  indicates  <  6%  but  >0. 

. .  -  (1%  of  the  winds  were  £41  but  <48  knots 
with  wave  heights  £6  but  <8  meters.) 

_  (5%  of  the  wave  heights  were  £4  but  <8  meters .) 

(9%  of  the  wind  speeds  were  £34  but  <41  knots.) 

*  replaces  bar  when  percent  is  <  6%  but  >0. 

//,'  0  replaces  bar  when  no  wind  speeds  in  the  category  were 
observed. 

T=wave  height  category  totals.  °°=264  knots  or  210  meters. 
Meters 
Feet 

WIND  SPEED  (knots) 


1 

2 

3 

4 

6 

8 

10 

3.2 

6.6 

9.8 

13.1 

19.7 

26.2 

32.8 

Wave  heights  have  been  recorded  in  a  consistent  quantitative  code  only  since  the  late  1940’s.  The  reluctance  of  many 
observers  to  take  wave  observations  in  the  earlier  years  and  the  difficulty  in  estimating  waves,  especially  in  confused  seas, 
make  wave  observations  one  of  the  least  commonly  observed  elements.  The  observations  are  also  subject  to  biases  in  wave 
characteristics.  A  correction  factor  of  approximately  10%  was  suggested  by  Hogben  and  Lumb  (1967)  and  has  been  verified  by 
preliminary  work  at  NCDC  where  Quayle  (1980)  found  that  generally  the  heights  are  too  low,  the  periods  too  short,  and  sea-swel 
discrimination  poor.  The  data  in  this  study  have  not  been  adjusted  for  the  suspected  biases.  The  marine  observations  were  pro 
cessed  through  quality  control  procedure  where  an  internal  check  was  made  between  wind  speed  and  sea  height.  The  sea  anc 
swell  data  were  then  arrayed  and  suspicious  outliers  deleted.  The  higher  of  the  sea  wave  or  swell  was  selected  for  summariza 
tion.  If  the  heights  were  equal,  the  wave  with  the  longer  period  was  selected. 

Wave  height  isopleth  presentations  in  Sets  18  and  19  are  for  a  generally  nonhazardous  sea  condition;  i.e.,  wave  heights  les: 
than  3  feet  and  8  feet,  respectively.  Isopleth  presentations  in  Set  20  define  much  more  hazardous  sea  conditions;  i.e.,  w av< 
heights  equal  to  or  greater  than  12  and  20  feet.  Refer  to  the  texts  of  Sets  14  and  18-21  for  complete  information  on  waves,  and  t< 
the  introductory  text  of  Section  II  for  sea  ice  information. 
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18  Wave  Height  and  Wind  Speed 

Wave  Height  ^3  Feet  and  Ice  ^5/10ths 
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18  Wave  Height  and  Wind  Speed 

Wave  Height  S3  Feet  and  Ice  §5/10ths 


18  Wave  Height  and  Wind  Speed 

Wave  Height  ^3  Feet  and  Ice  §5/10ths 


Map  19.  Wave  height  <8  feet  and  ice  thickness  ^8  feet 

BLACK  LINE  -  Percent  frequency  of  wave  height  <8  feet  (2.5  meters). 
BLUE  LINE  -  Percent  frequency  of  ice  thickness  ^8  feet  (multi-year  ice). 
Albers  Equal-Area  Conic  Projection 


Graphs:  Wave  height/direction 

Direction  frequency  (top  scale):  Bars  represent  percent  frequency  of  waves 
from  each  direction. 

Height  frequency  (bottom  scale):  Printed  figures  represent  percent  frequency 
of  wave  heights  observed  from  each  direction. 


% 


0  10  20  30  40  50  60  70  80  90  100 


, .  -  (5%  of  all  waves  were  from  the  N.) 

--  +  indicates  <.5%  but  >0. 

_ (1%  of  all  waves  were  from  the  S  with  heights  from 

6-7.5  meters.) 

.  *  replaces  bar  when  percent  is  <.6%  but  >0. 

.  -  0  replaces  bar  when  no  waves  were  observed  from  e  direction. 
,  Number  of  observations. 

,  (296  of  all  waves  from  all  directions  had  heights 
>10  meters.) 
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Printed  scale  on  bottom  of  chart 


The  observer  aboard  ship  determines  and  records  the  period  and  height  of  wind  waves  (sea);  and  the  direction,  period,  anc 
height  of  swell  waves.  Sea  waves  are  waves  raised  by  the  local  wind  and  are  assumed  to  have  the  same  direction  as  the  wind 
Swell  waves  are  waves  not  raised  by  the  local  wind,  but  rather  by  distant  wind  systems  or  by  winds  that  have  sinced  ceased  tc 
blow.  Swell  waves  characteristically  exhibit  more  regular  and  longer  periods,  and  have  flatter  crests  than  wind  waves  withir 
their  generating  area  (fetch).  Sea  and  swell  waves  occur  singly  or  in  manifold  combination  from  which  they  can  sometimes  b« 
separated  only  with  difficulty. 

Indeterminate  directions  are  combined  with  calms  in  the  direction  scale  of  the  graph  (they  can  be  distinguished  by  con 
suiting  the  sea  height  scale).  The  number  of  observations  noted  on  the  graphs  is  from  the  higher  of  sea  or  swell  when  both  an 
reported;  if  the  heights  were  equal,  then  the  one  with  the  longer  period  was  selected.  If  only  one  wave  was  reported  (sea  or  swell 
then  that  value  was  used.  Refer  to  the  texts  of  Sets  14  and  18-21  for  complete  information  on  waves,  and  to  the  introductory  tex 
section  of  Section  II  for  sea  ice  information. 
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January  19  Wave  Height  and  Direction 

Wave  Height  <8  Feet  and  Ice  Thickness  ^8  Fe 
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March  19  Wave  Height  and  Direction 
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Map  20.  Wave  height  ^12  and  ^20  feet 


BLACK  LINE  -  Percent  frequency  of  wave  height  ^12  feet  (^3.5  meters). 
BLUE  LINE  -  Percent  frequency  of  wave  height  s?20  feet  (§6  meters). 


Albers  Equal-Area  Conic  Projection 

Graphs:  Wave  height/period 

Percent  frequency  of  occurrence  of  wave  period  and  height. 
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+  indicates  <.6%  but  >0. 


- (2%  of  observed  waves  had  a  height  of  1-1.6  meters 

and  a  period  of  10-11  seconds.) 

Number  of  observations. 


Waves  are  selected  on  the  basis  of  the  higher  of  sea  and  swell 
when  both  are  reported.  If  both  heights  are  equal,  the  wave 
with  the  longer  period  is  selected. 


40  10 


Wave  period  is  the  interval  in  seconds  between  the  passage  of  two  successive  crests  or  troughs  of  well-formed  waves  past 
a  fixed  point.  Waves  in  the  same  system  usually  occur  in  a  sequence  of  a  few  large,  well-formed  waves  followed  by  an  interval  in 
which  only  small  and  poorly-formed  waves  occur,  and  another  series  of  well-formed  waves,  etc.  Observers  aboard  ship  deter¬ 
mine  the  values  of  wave  height,  period,  and  direction  generally  using  only  the  well-formed  waves  and  ignoring  poorly-formed 
waves.  To  describe  a  similar  sea  state  from  a  measured  wave  record,  a  statistical  approach  is  used  to  describe  the  significant 
wave  height  ("FT  1/3)  which  is  the  average  of  the  highest  one-third  of  the  measured  waves.  This  roughly  approximates  the 
characteristic  height  observed  visually  from  aboard  ship.  To  determine  the  period  of  wind  waves  or  swell,  the  observer  needs 
only  to  select  a  distinctive  patch  of  foam  or  a  small  floating  object  at  some  distance  from  the  ship.  As  the  object  falls  astern,  a 
new  one  is  selected.  The  elapsed  time  is  determined  to  the  nearest  second  between  the  instant  when  the  object  is  on  the  crest  of 
the  first  and  of  the  last  well-formed  wave  in  the  group.  Noting  the  number  of  crests  that  pass  under  the  object  during  the  interval 
permits  computation  of  the  average  period.  An  experienced  observer  needs  only  to  observe  a  few  representative  wave  “sets"  to 
derive  the  average  period. 

The  number  of  observations  noted  on  the  graphs  is  that  of  those  observations  reporting  both  wave  height  and  period.  The 
wave  height  isopleth  presentations  are  for  a  generally  hazardous  sea  condition  (wave  heights  equal  to  or  greater  than  12  feet). 
Refer  to  the  texts  of  Sets  14  and  18-21  for  complete  information  on  waves. 
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Map  21.  Wave  height  thresholds 

TABLE  -  Wave  height  frequencies. 
Albers  Equal-Area  Conic  Projection 

Graphs:  Wave  height  thresholds 

Wave  height  frequencies. 


WAVE  HEIGHT  (M) 

% 

0-0.5 

10.0 

Percent  frequency  of  verious  ranges  within  the  area. 

1-1.5 

20.0 

,  - - (30.0%  of  all  observed  wave  heights  were  in 

.  - ' '  the  range  2  to  2.5  meters.) 
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N  —  Observation  count. 
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Wave  data  for  these  tables  were  selected  from  the 

higher  of  sea  or  swell  when  both  were  reported. 

N= 

1363* 

The  wave  height  should  be  estimated  from  the  best  available  point  on  the  ship  that  permits  the  height  of  the  waves  to  I 
compared  to  the  height  of  the  ship.  The  point  of  observation  should  be  chosen  amidships  where  the  pitching  of  the  vessel  is  ai 
minimum,  and  the  wave  height  should  be  estimated  when  the  ship  is  on  an  even  keel.  In  general,  it  has  been  found  by  comparii 
instrument  measurements  to  “eyeball”  estimates  that  small  wave  heights  are  underestimated  while  large  wave  heights  a 
overestimated.  Theoretically,  the  wave  height  cannot  exceed  1/13  of  the  wave  length,  measured  from  trough  to  trough.  Wh 
both  sea  and  swell,  or  two  systems  of  swell,  are  present  at  the  same  time,  the  observer  first  estimates  the  higher  system 
waves  and  then  repeats  the  process  for  the  lower  system. 

Swell  direction  may  be  determined  by  “eyeball”  or  by  sighting  from  a  compass  along  wave  crests  and  adding  or  subtracti 
90°.  Ship’s  true  heading  can  also  be  used  to  determine  the  direction  from  which  swells  are  approaching.  The  higher  the  obser 
tion  point,  the  easier  it  is  to  determine  swell  direction.  The  average  of  several  observations,  rounded  to  the  nearest  10°,  shoi 
be  used  as  the  observed  swell  direction.  Refer  to  the  texts  for  Sets  14  and  18-21  for  complete  information  on  waves. 
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Map  22.  Low  pressure  center  movement 

ROSE  -  Percent  frequency  of  low  pressure  center  movement. 

BLACK  ARROWS  -  Preferred  storm  tracks  (solid  for  primary  tracks,  dashed  for  secondary  tracks). 
Exact  Cylindrical  Equidistant  Projection 


circulations. 


of  low  prassuro  cantors  considering  only  eloaed 


Moan  soaad:  Printed  figures  at  the  and  of  each  bar  represent 
the  moan  speed  of  movement  (In  knots)  toward  the  Indicated 
direction. 

—  (Low  praasura  cantara  moving  toward  tha  N  had  a 
maan  apaad  of  12  knota.) 

Direction  frequency:  Bars  represent  percent  frequency 
of  six  hour  movements  toward  each  direction.  Each  circle 
represents  20%. 

—  (18%  of  all  alx  hour  movamanta  were  toward  tha  NE.) 

—  (Statistics  tor  this  rosa  ara  based  on  13  alx  hour 
movamanta.) 

_ (8  low  praaaura  cantors  wars  obaarvad  In  tha  S'  X  S' 

area  during  tha  20  vaar  oarlod  of  racord  1/66-12/85.) 


,  (Maan  vactor  movamant  of  all  cantors  was  toward  78' 
(ENE)  at  13  knots.) 


Refer  to  the  introductory  text  for  Section  II  for  more  information  on  low  pressure  center  movement  and  preferred  storm 
tracks. 
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Set  23.  Persistence  of  wind  speed  and  wave  height,  seasonal 
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-6  Events  with  wind  speeds  §7  kii.  persisted  12  hours;  85 
events  persisted  §96  hours. 

The  longest  event  with  wind  speeds  §4  kn.  persisted 

for  3  months  or  more  and  it  occurred  1  time _ 

The  longest  event  with  wind  speeds  §48  kn.  persisted 

36  hours  and  it  occurred  1  time. - 

75  Events  had  wind  speeds  §4  kn.  which  comprised  a 

total  of  4.483  hindcasts. - 

5,269  Hindcasts  were  examined,  and  5,174  had  wind 
speeds  §4  kn. - 
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'-There  were  63  12-hour  intervals  between  events  of  wind 
speeds  §17  kn.;  11  intervals  persisted  96  hours  or  more. 
The  longest  interval  between  events  of  wind  speeds 

§7  kn.  was  72  hours  and  it  occurred  1  timet - 

The  longest  interval  between  events  of  wind  speeds 
§64  kn.  was  3  months  or  more  and  it  occurred  7  times.-- 
There  were  69  intervals  between  events  of  wind  speeds 

§4  kn.  which  comprised  a  total  of  95  hindcasts. - 

4,332  Hindcasts  were  examined,  and  95  had  wind  speeds 
<  4  kn. - - - 


WAVE  HEIGHT  DURATIONS  -  SEASONAL 


WAVE  HEIGHT  INTERVALS  -  SEASONAL 


SEQUENCE  NUMBER 


LATITUDE  ANO  LONG 


^  3  28  ;M  .13 

12 

1° 

5 

1 

2 

l  *  20  I4jl5l  9 

13* 

j3 

20 

13 

» 

6 

1  2  1 6  ,2 1  j  U 

14 

10 

17 

13 

13 

19 

12 

IP  i  :  2  1  1  8  |  9 

19 

1  1 

T"1 

13 

8 

12 

10 

TS  9;  19)  9 

5 

7 

10 

6 

13 

6 

10 

,  *  6  ;6  (8) 

4 

3 

3 

3 

2 

2 

24  30  36  42  48  64  60  66  72  78  84  9CV6* 

HOURS  DURATION  OF  EVENTS  _  , 


54-2  t  62 

2  2~Mf4-T|  ;34 

3  I8~  3 1 2—Tl  179 
3  48  I  396  -  1  *  198 

1  68  426- 1 1  180 

2  14Q^|  122 

9C  V6  »  f  M  A  X  \  1  TE' 


-  ~T 

1 

55 

i  65 

213 

225 

804 

824 

1397 

1432 

2275 

2345 

2989 

3140 

3506 

39  77 

(382$ 

671 

-8  Events  with  wave  heights  §6  ft.  (1.8m)  persisted 
12  hours;  65  events  persisted  §96  hours. 

The  longest  event  with  wave  heights  §3  ft.  (0.9m) 
persisted  3  months  or  more  and  it  occurred  1  time.-- 
The  longest  event  with  wave  heights  §34  ft.  (10.4m) 

persisted  for  30  hours  and  it  occurred  1  time. - 

28  Events  had  wave  heights  §3  ft.  (0.9m)  which 

comprised  a  total  of  3,828  hindcasts. - 

5,196  Hindcasts  were  examined,  and  5,137  had  wave 
heights  §3  ft.  (0.9m). - 


Durations  for  a  particular  season  extend  from  the  time  the  event 
begins  (or  the  first  day  of  the  season  if  already  in  progress),  and 
terminate  when  the  event  ends  Events  become  undefined  if 
missing  data  is  encountered.  Durations  lasting  a  season  or 
more  are  categorized  together.  Durations  may  persist  into 
the  next  season. 

ABBREVIATIONS 

MAX'  Maximum  duration  or  interval,  followed  by  ^he  number  of 
occurrences. 

TE  or  Tl;  Totat  number  of  events  or  intervals 
T'  Total  number  of  hindcasts  included  in  TE  or  Tl. 

T*  Total  number  of  hindcasts  that  met  the  stated  criteria. 

TH‘  Total  number  of  hindcasts  examined. 
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'-There  were  25  12-hour  intervals  between  events  of  wave' 
heights  §9  ft.  (2.7m).;  11  intervals  persisted  96  hours  or  j 
more.  i 

The  longest  interval  between  events  of  wave  heights  J 

§6  ft.  (1.8m)  was  144  hours  and  it  occurred  1  time. - i 

The  longest  interval  between  events  of  wave  heights  1 
§64  ft.  (19.5m)  was  3  months  or  more  and  it  occurred  8  | 
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There  were  15  intervals  between  events  of  wave  heights 

§3  ft.  (0.9m)  which  comprised  a  total  of  40  hindcasts: - 

4,333  Hindcasts  were  examined,  and  40  had  wave  heights 
<3  ft.  (0.9m). - 


(  ntervals  for  a  particular  season  extend  from  the  time  the  event 
ends  (or  the  first  day  of  the  season  if  the  event  >5  not  in  progress), 
and  terminate  when  the  event  begins  intervals  become  undefined  .f 
missing  da*.a  is  encountered.  Intervals  lasting  a  season  or  more  are 
categorized  together,  intervals  may  persist  into  the  next  season. 
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The  SEA  code  in  the  MAX  column  of  the  tables  refers  to  season,  i.e.,  the  longest  event  or  interval  persisted  for  three  months 
or  more.  Since  the  extreme  wave  statistics  are  based  on  the  assumption  of  winds  blowing  over  open  water  without  fetch  restric¬ 
tions,  the  wave  height  extremes  are  likely  to  be  unrealistically  high  during  the  winter  season  for  those  few  grid  points  located 
within  an  area  having  a  probability  of  ice  restricting  the  development  of  waves.  Refer  to  the  ice  statistics  in  sets  17-19.  Refer  to 
the  introductory  text  in  Section  II  for  additional  information  on  persistence  of  wind  and  waves. 
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Sot  24.  Annual  maximum  wind  and  wave  for  selected  return  periods 

(Refer  to  introductory  text  of  Section  II  for  additional  information.) 

Annual  Maximum  Winds  for  Selected  Return  Periods 

Values  oil  the  annual  maximum  sustained  wind  speeds  for  selected  return  periods  are  presented  in  the  table  below  for  selected 
coastal  stations.  These  tabular  values  may  be  used  to  construct  a  graphical  analysis  of  the  data  similar  to  the  one  in  Figure  1.  The 
procedure  is  as  follows: 

1.  Use  Fisher-Tippett.  Type  1  extreme  value  probability  paper  with  a  natural  loga-ithmic  ordinate  scale  and  a  probability  scaled 
abscissa.  A  linear  reduced  variate  scale  is  also  useful  in  locating  intermediate  probabilities. 

2.  Select  and  plot  the  annual  maximum  wind  speeds  at  their  corresponding  probability  values  from  Table. 

3.  Draw  a  straight  line  connecting  those  points.  This  is  the  line  of  best  fit  from  which  wind  speed  estimates  for  intermediate 
probabilities  can  be  obtained. 

4.  A  one  standard  error  confidence  band  may  be  drawn  by  computmg  the  upper  and  lower!  bouno  according  to  Gumbel  (l958i. 
The  computational  procedure  is  as  follows: 


a . 

59  -  V i 1/P-]  I / l 

■IMP)  1 

b . 

TP  -  59  *  fil /  N 

,  fll  -  1/0 

c  . 

Upper  Bound  1 P i 

“  £yp( Ln ! x ! P ! i ! 

♦  Tp 

d . 

Lower  Bound  1 P i 

=  E*p( Ln( xlPlli 

!  -  7r 

where  S9  =  a  probability  term.  TP  =  standard  error  at  probability  P,  A1  =  scale  term  11$  ,  x  [  P  )  is  the  wind  speed  at  pro¬ 
bability  [  PJ  in  knots,  and  [  N  ]  =  sample  size.  This  will  give  an  envelope  of  the  68-percent  confidence  band  for  the  estimates 

Graphs  similar  to  Figure  1  have  been  d.awn  for  each  station's  annual  and  monthly  values  and  are  available  on  microfiche  from  the 
National  Climatic  Data  Center.  Federal  Building,  Asheville.  NC,  28801.  Any  questions  regarding  the  application  of  the  extreme  vaiue 
model  should  be  addressed  to  Larry  Nicodemus.  telephone  number  (704)  259-0366. 
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RNNURL  MAXIMUM  SUSTRINED  WINDS  (KNOTS)  FOR  SELECTED  RETURN  PERIODS 
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